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A Corporate Dedication to 
Quality and Reliability 


National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv- 
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is second 
to none. | 

We are proud of our success... . it sets a standard for 
others to achieve. Yet, our quest for perfection is on- 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 
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Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor Corporation 





Wir fiihlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 


National Semiconductor Corporation ist fahrend bei der Her- 
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es galt, die Zahl von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes- 
sern. Vom Rohmaterial tber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro- 
dukte von National Semiconductor sind unibertroffen. 


Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fiir andere erstrebenswert sind. Auch ihre Ansprtiche steig- 
en standig. Sie als unser Kunde k6nnen sich auch weiterhin 
auf National Semiconductor verlassen. , 


La Qualité et La Fiabilite: 
Une Vocation Commune Chez National 
Semiconductor Corporation 


National Semiconductor Corporation est un des leaders in- 
dustriels qui fabrique des circuits intégrés d’une trés grande 
qualité et d’une fiabilité exceptionelle. National a été le pre- 
mier a vouloir faire chuter le nombre de circuits intégrés 
défectueux et a augmenter la durée de vie des produits. 
Depuis les matiéres premiéres, en passant par la concep- 
tion du produit sa fabrication et son expédition, partout la 
qualité et la fiabilité chez National sont sans équivalents. 


Nous sommes fiers de notre succés et le standard ainsi 
défini devrait devenir l’objectif a atteindre par les autres so- 
ciétés. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; il en résulte que vous, qui étes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systémes 
d'une trés grande qualité standard. 


Un Impegno Societario di Qualita e 
Affidabilita 


National Semiconductor Corporation 6 un’industria al ver- 
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National é stata il principale promotore per l’ab- 
battimento della difettosita dei circuiti integrati e per l’allun- 
gamento della vita dei prodotti. Dal materiale grezzo attra- 
verso tutte le fasi di progettazione, costruzione e spedi- 
zione, la qualita e affidabilitaé National non é seconda a nes- 
suno. 


Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. || nostro desiderio di per- 
fezione é d’altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor- 
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 


dh hjed 


Charles E. Sporck 


President, Chief Executive Officer 
National Semiconductor Corporation 
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form, when properly used in accordance with instructions 
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pected to result in a significant injury to the user. 


2.A critical component is any component of a life support 
device or system whose failure to perform can be reason- 
ably expected to cause the failure of the life support de- 
vice or system, or to affect its safety or effectiveness. 
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Introduction 


Since its creation in 1973, National Semiconductor’s Inter- 

face design and production teams have produced technically 

advanced products unparalleled in the semiconductor indus- 

try. 

Growing from a line of early drivers and receivers, which pio- 

neered the introduction of the TRI-STATE® function, Nation- 

al Semiconductor’s Interface product line today is the most 

comprehensive available—with over 260 devices in a variety 

of product categories. These Interface devices ‘support and 

complement National’s VLSI product families. 

Based on its advanced design and process capabilities, Na- 

tional’s Interface product line includes: 

¢ The industry’s most advanced RS-232 drivers and receiv- 
ers 

¢ The industry’s most advanced RS-422 drivers, receivers 

~ and transceivers 

© The industry’s most advanced RS-485 drivers, receivers 
and transceivers 

© The industry’s only offering of over 16 devices incorporat- 

- ing power up/down glitch-free protection . 

© The industry’s first Trapezoidal™ bus transceiver 

¢ The industry’s first transceivers for the Futurebus+ stan- 
dard Wea, , 

© The industry’s first fault protected peripheral driver incorpo- 
rating a major breakthrough in current sensing and shut- 
down circuitry. 


In addition to the detailed Interface product datasheets in- 
cluded in this databook, complete product selection guides 
can be found at the beginning of each section for quick refer- 
ence. 


The Interface Appendix supplies helpful terms and defini- 
tions, cross references, design and process information and 
package information. Application Notes can be found in spe- 
cific chapters. 


For more information on National Semiconductor’s INTER- 


FACE products contact your local National authorized sales’ 


representative or distributor. 
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Definition of Terms . 
Data Sheet Identification Product Status Definition 
rmatio Formativeor | This data sheet contains the design specifications for product 
In Design _ development. Specifications may change in any manner without notice. 
First This data sheet contains preliminary data, and supplementary data will 
Production be published at a later date. National Semiconductor Corporation 


reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 


Full , - This data sheet contains final specifications. National Semiconductor 
Production Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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DS2002 High Current/Voltage Darlington Driver 
DS2003 High Current/Voltage Darlington Driver 
DS2004 High Current/Voltage Darlington Driver 
DS26C31C CMOS Quad TRI-STATE Differential Line Driver 
DS26C32AC CMOS Quad Differential Line Receiver 
DS26C32AM CMOS Quad Differential Line Receiver 
DS26F31C Quad High Speed Differential Line Driver 
DS26F31M Quad High Speed Differential Line Driver 
DS26F32C Quad Differential Line Receiver : 
DS26F32M Quad Differential Line Receiver 
DS26LS31C Quad High Speed Differential Line Driver 
DS26LS31M Quad High Speed Differential Line Driver 
DS26LS32AC Quad Differential Line Receiver 
DS26LS32C Quad Differential Line Receiver 
DS26LS32M Quad. Differential Line Receiver 
DS26LS33AC Quad Differential Line Receiver 
DS26LS33C Quad Differential Line Receiver . 
DS26LS33M Quad Differential Line Receiver 
DS26S10C Quad Bus Transceiver 
DS26S10M Quad Bus Transceiver 

DS26S11C Quad Bus Transceiver 

DS26S11M Quad Bus Transceiver 
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Alpha-Numeric Index continues 


DS34F86 RS-422/RS-423 Quad Line Receiver with TRI-STATE Outputs 
DS34F87 RS-422 Quad Line Driver with TRI-STATE Outputs 

DS35F86 RS-422/RS-423 Quad Line Receiver with TRI-STATE Outputs 
DS3587 Quad TRI-STATE Line Driver 

DS35F87 RS-422 Quad Line Driver with TRI-STATE Outputs 

DS3603 TRI-STATE Dual Receiver 


DS3630B Hex CMOS Compatible Buffer 

DS3631 CMOS Dual Peripheral Driver 

DS3632 CMOS Dual Peripheral Driver 

DS3633 CMOS Dual Peripheral Driver 

DS3634 CMOS Dual Peripheral Driver 

DS3647A Quad TRI-STATE MOS Memory I/O Register 
DS3648 TRI-STATE TTL to MOS Multiplexer/Driver 
DS3649 Hex TRI-STATE TTL to MOS Driver 

DS3650 Quad Differential Line Receiver 

DS3651 Quad High Speed MOS Sense Amplifier 

DS3652 Quad Differential Line Receiver 

DS3654 Printer Solenoid Driver 

DS3656 Quad Peripheral Driver 

DS3658 Quad High Current Peripheral Driver 

DS3662 Quad High Speed Trapezoidal Bus Transceiver 
DS3667 TRI-STATE Bidirectional Transceiver 

DS3668 Quad Fault Protected Peripheral Driver 

DS3669 Quad High Current Peripheral Driver 

DS3678 TRI-STATE TTL to MOS Multiplexer/Driver 
DS3679 Hex TRI-STATE TTL to MOS Driver 

DS3680 Quad Negative Voltage Relay Driver 

DS3686 Dual Positive Voltage Relay Driver 

DS3687 Negative Voltage Relay Driver 

DS3691 RS-422/RS-423 Line Driver with TRI-STATE Oulpuls 
DS3692 TRI-STATE Differential Line Driver 

DS3695 Multipoint RS-485/RS-422 Transceiver/Repeater 
DS3695A Multipoint RS-485/RS-422 Transceiver 
DS3695AT Multipoint RS-485/RS-422 Transceiver 
DS3695T Multipoint RS-485/RS-422 Transceiver/Repeater 
DS36F95 RS-485/RS-422 Differential Bus Transceiver 
DS3696 Multipoint RS-485/RS-422 Transceiver/Repeater 
DS3696A Multipoint RS-485/RS-422 Transceiver 
DS3696AT Multipoint RS-485/RS-422 Transceiver 
DS3696T Multipoint RS-485/RS-422 Transceiver/Repeater 
DS3697 Multipoint RS-485/RS-422 Transceiver/Repeater 
DS3698 Multipoint RS-485/RS-422 Transceiver/Repeater 
DS3862 Octal High Speed Trapezoidal Bus Transceiver 
DS3890 BTL Octal Trapezoidal Driver 

DS3892 BTL Octal TRI-STATE Repeater 
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Alpha-Numeric HCEX continued) 


DS3893A BTL Turbotransceiver 

DS3896 BTL Trapezoidal Transceiver 

DS3897 BTL Trapezoidal Transceiver 

DS3898 BTL Octal Trapezoidal Repeater 

DS7640 Quad NOR Unified Bus Receiver 

DS7641 Quad Unified Bus Transceiver 

DS7800 Dual Voltage Level Translator 

DS78L12 Hex TTL-MOS Inverter/Interface Gate 

DS7820 Dual Line Receiver 

DS7820A Dual Line Receiver 

DS78C20 Dual CMOS Compatible Differential Line Receiver 
MM78C29 Quad Single-Ended Line Driver 

DS7830 Dual Differential Line Driver 

MM78C30 Quad Differential Line Driver 

DS7831 Dual TRI-STATE Line Driver 

DS7832 Dual TRI-STATE Line Driver 

DS7833 Quad TRI-STATE Bus Transceiver 

DS7834 Quad TRI-STATE Bus Transceiver 

DS7835 Quad TRI-STATE Bus Transceiver 

DS7836 Quad NOR Unified Bus Receiver 

DS7837 Hex United Bus Receiver 

DS7838 Quad Unified Bus Transceiver 

DS7839 Quad TRI-STATE Bus Transceiver 

DS7880 High Voltage 7-Segment Decoder/Driver 
DS78C120 Dual CMOS Compatible Differential Line Receiver 
DS78LS120 Dual Differential Line Receiver (Noise Filtering and Fail Safe) 
DS8614 130/225 MHz Low Power Dual Modulus Prescaler 
DS8615 130/225 MHz Low Power Dual Modulus Prescaler 
DS8616 130/225 MHz Low Power Dual Modulus Prescaler 
DS8617 130/225 MHz Low Power Dual Modulus Prescaler 
DS8627 130/225 MHz Low Power Prescaler 

DS8628 130/225 MHz Low Power Prescaler 

DS8640 Quad NOR Unified Bus Receiver 

DS8641 Quad Unified Bus Transceiver 

DS8654 8-Output Display Driver (LED, VF, Therma! Printer) 
DS8669 2-Digit BCD to 7-Segment Decoder/Driver 
DS8673 Low Power VHF/UHF Prescaler 

DS8674 Low Power VHF/UHF Prescaler 

DS8800 Dual Voltage Level Translator 

DS88L12 Hex TTL-MOS Inverter/Interface Gate 

DS8820 Dual Line Receiver 

DS8820A Dual Line Receiver 

DS88C20 Dual CMOS Compatible Differential Line Receiver 
MM88C29 Quad Single-Ended Line Driver 

DS8830 Dual Differential Line Driver 

MM88C30 Quad Differential Line Driver 

DS8831 Dual TRI-STATE Line Driver 

DS8832 Dual TRI-STATE Line Driver 

DS8833 Quad TRI-STATE Bus Transceiver 

DS8834 Quad TRI-STATE Bus Transceiver......... (ub ueuees Wee kveg ee dee levetees bees sueies 2-110 
DS8835 Quad TRI-STATE Bus Transceiver 





Alpha-Numeric Index continues. 


DS8836 Quad NOR Unified Bus Receiver 

DS8837 Hex United Bus Receiver 

DS8838 Quad Unified Bus Transceiver 

DS8839 Quad TRI-STATE Bus Transceiver 

DS8863 MOS-to-LED 8-Digit Driver 

DS8870 Hex LED Digit Driver 

DS8874 9-Digit Shift Input LED Driver 

DS8880 High Voltage 7-Segment Decoder/Driver 

DS8884A High Voltage Cathode Decoder/Driver 

DS88C120 Dual CMOS Compatible Differential Line Receiver 
DS88LS120 Dual Differential Line Receiver (Noise Filtering and Fail Safe) 
DS8906 AM/FM Digital Phase-Locked Loop Synthesizer 

DS8907 AM/FM Digital Phase-Locked Loop Frequency Synthesizer 
DS8908B AM/FM Digital Phase-Locked Loop Frequency Synthesizer 
DS8911 AM/FM/TV Sound Up-Conversion Frequency Synthesizer 
DS8913 AM/FM/TV Sound Up-Conversion Frequency Synthesizer 
DS8921 Differential Line Driver and Receiver Pair 

DS8921A Differential Line Driver and Receiver Pair 

DS8921AT Differential Line Driver and Receiver Pair 

DS8921T Differential Line Driver and Receiver Pair 

DS8922 TRI-STATE RS-422 Dual Differential Line Driver and Becsivet Pair 
DS8922A TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair 
DS8923 TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair 
DS8923A TRI-STATE RS-422 Dual Differential Line Driver and Receiver Pair 
DS8924 Quad TRI-STATE Differential Line Driver. . 

DS8963 MOS-to-LED 8-Digit Driver 

DS8973 9-Digit LED Driver 

DS9614 Dual Differential Line Driver (See DS55114 Datasheet) 

DS9615 Dual Differential Line Receiver (See DS55115 Datasheet) 
DS9616H Triple Line Driver 

DS9622 Dual Line Receiver 

DS9627 Dual Line Receiver 

DS9636A RS-423 Dual Programmable Slew Rate Line Driver 

DS9637A Dual Differential Line Receiver 

DS9638 RS-422 Dual High Speed Differential Line Driver 

DS9639A Dual Differential Line Receiver 

DS9665 High Current/Voltage Darlington Driver 

DS9666 High Current/Voltage Darlington Driver 

DS9667 High Current/Voltage Darlington Driver 

DS9668 High Current/Voltage Darlington Driver 

DS16149 Hex MOS Driver 

DS16179 Hex MOS Driver 

DS36149 Hex MOS Driver 

DS36179 Hex MOS Driver 

DS36950 Quad Differential Bus Transceiver ............. cece cece ees awa MERLE eR Rees 1-123 
DS55107 Dual Line Receiver 

DS55107A Dual Line Receiver (See DS55107 Datasheet) 

DS55108 Dual Line Receiver 

DS55110A Dual Line Driver 

DS55113 Dual TRI-STATE Differential Line Driver 

DS55114 Dual Differential Line Driver 





Alpha-Numeric [Index continues. 


DS55115 Dual Differential Line Receiver 
DS55121 Dual Line Driver 

DS55122 Triple Line Receiver 

DS55325 Memory Driver 

DS55451 Series Dual Peripheral Driver 
DS55452 Series Dual Peripheral Driver 
DS55453 Series Dual Peripheral Driver 
DS55454 Series Dual Peripheral Driver 
DS55461 Series Dual Peripheral Driver 
DS55462 Series Dual Peripheral Driver 
DS55463 Series Dual Peripheral Driver 
DS55464 Series Dual Peripheral Driver 
DS55493 Quad LED Segment Driver 
DS55494 Hex Digit Driver 

DS75107 Dual Line Receiver 

DS75108 Dual Line Receiver 

DS75110A Dual Line Driver 

DS75113 Dual TRI-STATE Differential Line Driver 
DS75114 Dual Differential Line Driver 
DS75115 Dual Differential Line Receiver 
DS75121 Dual Line Driver 

DS75123 Dual Line Driver 

DS75124 Triple Line Receiver 

DS75128 Eight-Channel Line Receiver 
DS75129 Eight-Channel Line Receiver 
DS75150 Dual Line Driver 

DS75154 Quad Line Receiver 

DS75160A IEEE-488 GPIB Transceiver 
DS75161A IEEE-488 GPIB Transceiver 
DS75162A IEEE-488 GPIB Transceiver 
DS75176B Multipoint RS-485/RS-422 Transceiver 
DS75176BT Multipoint RS-485/RS-422 Transceiver 
DS75208 Dual Line Receiver 

DS75325 Memory Driver 

DS75361 Dual TTL-to-MOS Driver 

DS75365 Quad TTL-to-MOS Driver 

DS75450 Series Dual Peripheral Driver 
DS75451 Series Dual Peripheral Driver 
DS75452 Series Dual Peripheral Driver 
DS75453 Series Dual Peripheral Driver 
DS75454 Series Dual Peripheral Driver 
DS75461 Series Dual Peripheral Driver 
DS75462 Series Dual Peripheral Driver 
DS75463 Series Dual Peripheral Driver 
DS75464 Series Dual Peripheral Driver 
DS75491 MOS-to-LED Quad Segment Driver 
DS75492 MOS-to-LED Hex Digit Driver 
DS75493 Quad LED Segment Driver 
DS75494 Hex Digit Driver 

DS96172 RS-485/RS-422 Quad Differential Line Driver . 
DS96F172 RS-485/RS-422 Quad Differential Driver 
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DS96173 RS-485/RS-422 Quad Differential Line Receiver 
DS96F173 RS-485/RS-422 Quad Differential Receiver 
DS96174 RS-485/RS-422 Quad Differential Line Driver 
DS96F 174 RS-485/RS-422 Quad Differential Driver 
DS96175 RS-485/RS-422 Quad Differential Line Receiver. . 
DS96F175 RS-485/RS-422 Quad Differential Receiver 
DS96176 RS-485/RS-422 Differential Bus Transceiver 
DS96177 RS-485/RS-422 Differential Bus Repeater 
Futurebus+ Arbitration Controller 

Futurebus+ Arbitration Transceiver 

Futurebus+ BTL 9-Bit Data Transceiver 

Futurebus+ BTL 9-Bit Latching Transceiver 

Futurebus + Handshake Transceiver 

MM5034 Octal 80-Bit Static Shift Register 

MM5035 Octal 80-Bit Static Shift Register 

MM5368 CMOS Oscillator Divider Circuit 

MM5369 Series 17 Stage Oscillator/Divider 

MM5437 Digital Noise Source 

MM5450 LED Display Driver .’ 

MM5451 LED Display Driver 

MM5452 Liquid Crystal Display Driver 

MM5459 Liquid Crystal Display Driver 

MM5480 LED Display Driver 

MM5481 LED Display Driver 

MM5483 Liquid Crystal Display Driver 

MM5484 16-Segment LED Display Driver 

MM5486 LED Display Driver eee 

MM54240 Asynchronous Receiver/Transmitter Remote Controller 
MM58201 Multiplexed LCD Driver 

MM58241 High Voltage Display Driver 

MM58242 High Voltage Display Driver 

MM58248 High Voltage Display Driver 

MM58341 High Voltage Display Driver 

MM58342 High Voltage Display Driver 

MM58348 High Voltage Display Driver 

p.A9614 Dual Differential Line Driver (See DS55114 Datasheet) 
pA9615 Dual Differential Line Receiver (See DS55115 Datasheet) 
p4A9616H Triple Line Driver 

pA9622 Dual Line Receiver 

p.A9627 Dual Line Receiver 

pA9636A RS-423 Dual Programmable Slew Rate Line Driver 
pA9637A Dual Differential Line Receiver 

p.A9638 RS-422 Dual High Speed Differential Line Driver 
p.A9639A Dual Differential Line Receiver 

pA55110A Dual Line Driver 

»A75110A Dual Line Driver 

pA96172 RS-485/RS-422 Quad Differential Line Driver 
A96173 RS-485/RS-422 Quad Differential Line Receiver 
p.A96174 RS-485/RS-422 Quad Differential Line Driver 
pA96175 RS-485/RS-422 Quad Differential Line Receiver 
p.A96176 RS-485/RS-422 Differential Bus Transceiver 
pA96177 RS-485/RS-422 Differential Bus Repeater 
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Additional Information on 


Peripheral Products 


29F68 Dynamic RAM Controller DRAM Management 
54F420 Parallel Check Bit/Syndrome Bit Generator DRAM Management 
54F632 32-Bit Parallel Error Detection and Correction Circuit DRAM Management 
54F968 1 Mbit Dynamic RAM Controller ... DRAM Management 
74F420 Parallel Check Bit/Syndrome Bit Generator DRAM Management 
74F632 32-Bit Parallel Error Detection and Correction Circuit DRAM Management 
74F968 1 Mbit Dynamic RAM Controller DRAM Management 
AB-1 DP8408A/DP8409A/DP8417/DP8418/DP8419/DP8428/DP8429 

Application Hints DRAM Management 
AB-9 DP8408A/DP8409A Fastest DRAM Access Mode DRAM Management 
AB-36 Explanation of National Semiconductor “PLAN” Software for Programming 

DRAM Management 

AB-43 Typical DP8570A Interface to the IBM PC/XT for the Purpose of 

Engineering Evaluation Real Time Clock 
AN-305 Precautions to Take When Driving Memories DRAM Management 
AN-306 Expanding the Versatility of the DP8400 DRAM Management 
AN-308 DP8400s in 64-Bit Expansion DRAM Management 
AN-309 Interfacing the DP8408A/DP8409A to Various Microprocessors DRAM Management 
AN-353 MM58167A Real Time Clock Design Guide Real Time Clock 
AN-365 The MM58274C Adds Reliable Real-Time Keeping to Any Microprocessor 

System. Real Time Clock 
AN-387 DP8400/DP8419 Error Correcting Dynamic RAM Memory System for the 

Series 32000 DRAM Management 
AN-411 Determining the Speed of the Dynamic RAM Needed When Interfacing 

the DP8419-80 to Most Major Microprocessors DRAM Management 
AN-436 Dual Port Interface for the DP8417/DP8418/DP8419/DP8428/DP8429 

DRAM Controller DRAM Management 
AN-535 A Dual Access DP8422A/68030/74F632 Error Detecting and Correcting 

Memory System DRAM Management 
AN-536 Interfacing the DP8420A/DP8421A/DP8422A to the 80386 DRAM Management 
AN-537 Interfacing the DP8420A/DP8421A/DP8422A to the 68030 

Microprocessor DRAM Management 
AN-538 Interfacing the DP8420A/DP8421A/DP8422A to the 68000/008/010 DRAM Management 
AN-539 Interfacing the DP8420A/DP8421A/DP8422A to the 68020 DRAM Management 
AN-540 A Dual Access NS32532 Error Detecting and Correcting Memory System ...DRAM Management 
AN-541 Interfacing the DP8420A/DP8421A/DP8422A to the NS32532 DRAM Management 
AN-542 Interfacing the DP8420A/DP8421A/DP8422A to the 

NS32008/NS32016/NS32C016/NS32032 and NS32132 DRAM Management 
AN-543 Interfacing the DP8420A/DP8421A/DP8422A to the NS32332 DRAM Management 
AN-544 Interfacing the DP8420A/DP8421A/DP8422A to the 8086/186/88/188 

Microprocessor DRAM Management 
AN-545 Interfacing the DP8420A/DP8421A/DP8422A to the 80286 DRAM Management 
AN-546 Interfacing the DP8420A/DP8421A/DP8422A to the Z280/Z80000/2Z8000 , 

Microprocessor DRAM Management 
AN-576 Interfacing the NS32CG821 to the NS32CG16 DRAM Management 
AN-588 Calibration of the DP8570A Family Real Time Clock 
AN-589 DP8570A Timer Clock Peripheral Test Mode and Test Considerations Real Time Clock 
AN-595 Flexible Timers on the DP8570A and DP8571A ase Real Time Clock 
AN-602 Interfacing the DP8420A/DP8421A/DP8422A to the 29000 Utilizing the _ 

Burst Mode Access DRAM Management 
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Additional Information on Peripheral Products 


Additional Information on 
Peripheral Products continues 


AN-615 Interfacing the DP8422A to the 68000-16 (Zero Wait State Burst Mode 


PCCOSS So aore ri BOS oh cee ow ONS ee ee Rhea Oe OS DS DRAM Management 
AN-616 Interfacing the DP8422A to the 68020 (Zero Wait State Burst Mode . , 

PCCOSS) 388 ey pews gatas Mesa Uae danas sare aaa VO DE Nae Rie aw a eae eee DRAM Management 
AN-617 Interfacing the DP8422A to an Asynchronous Port B in a Dual 68020 (t 

SYStCM 515.4 ctng ele dwee ee Ede oa Sense weed net Ne chen OS eee eS DRAM Management 
AN-618 Interfacing the DP8420A/DP8421A/DP8422A to the 80286 Above 

25 Mkz, Including No Wait States in Burst Mode .............: eee eee cece cence DRAM Management 
AN-619 Interfacing the DP8420A/DP8421A/DP8422A to the 60388 

(Zero Wait State Burst Mode AcceSS)......... cee eee cc eee ee cette eet ences DRAM Management 
AN- 642 Interfacing the Dual Port DP8422A to the TMS320C30 and the VME Bus... .DRAM Management 
DP8400-2 E2C2 Expandable Error Checker/Corrector ............eceeeeceeeeenee DRAM Management 
DP8402A 32-Bit Parallel Error Detection and Correction Circuits (EDAC’s).......... DRAM Management 
DP8403 32-Bit Parallel Error Detection and Correction Circuits (EDAC’s) ........... DRAM Management 
DP8404 32-Bit Parallel Error Detection and Correction Circuits (EDAC’s) ...... eects DRAM Management 
DP8405 32-Bit Parallel Error Detection and Correction Circuits (EDAC’s) ........... DRAM Management 
DP8408A Dynamic RAM Controller/Driver. ............ 2. cece eee e ee ee eens ....DRAM Management 
DP8409A Multi-Mode Dynamic RAM Controller/Driver ............ cee eeee ene eenes DRAM Management 
DP8417 64k Dynamic RAM Controller/Driver ........... 0. cece cece ee eee eens .. .DRAM Management 
DP8418 64k Dynamic RAM Controller/Driver ... 0.2... . cece cece eee erences DRAM Management 
DP8419 256k Dynamic RAM Controller/Driver .......... 0... cee cece e eee eee eens DRAM Management 

- DP8419X 256k Dynamic RAM Controller/Driver.......... 0... ccc cece eee ween eee . DRAM Management 

DP8420A microCMOS Programmable 256k Dynamic RAM Controller/Driver........ DRAM Management 
DP8421A microCMOS Programmable 1M Dynamic RAM Controller/Driver ......... DRAM Management 
DP8422A microCMOS Programmable 4M Dynamic RAM Controller/Driver ......... DRAM Management 
DP8428 1 Megabit High Speed Dynamic RAM Controller/Driver.................6- DRAM Management 
DP8429 1 Megabit High Speed Dynamic RAM Controller/Driver.............+-.05. DRAM Management 
DP8520A microCMOS Programmable 256k Video RAM Controller/Driver 

(see Graphics DataDOOK)! sc.inc doawed ssi e outed Hees be Aas eae ne wee DRAM Management 
DP8521A microCMOS Programmable 1M Video RAM Controller/Driver ; 

(see Graphics Databook) n.. 6... cissceni aves ceuae eee dete ced eeS eee ee eae s be DRAM Management 
DP8522A microCMOS Programmable 4M Video a Controller/ Driver i 

(S60 Graphics Databook) saint tcisie pases dawrs eto eite ie ea Seek DRAM Management 
DP8570A Timer Clock Peripheral (TCP) .............-.06- Pe Tree re eT Real Time Clock 
DP8571A Timer Clock Peripheral (TCP) ........... cc eeceee cece essere ee eeeeeeeeees Real Time Clock 
DP8572A Real Time Clock (RTC)........... 0. cece eee eeeeeee RES ea eee ates Real Time Clock 
DP8573A Real Time Clock (RTC) ........ ccc cece cece cece eee tenet eeetenneeeseeenes Real Time Clock 
DP84300 Programmable Refresh Timer. .......... cece ccc c ene e eee e eee eeeeees DRAM Management 
DP84322 Dynamic RAM Controller Interface Circuit for the 68000 CPU ............ DRAM Management 
DP84412 Dynamic RAM Controller Interface Series Circuit for the Series 32000 

CPU in saw net esewantn oh ane ibe see eee tated Le aior sae andee Beaks ae caus Yar DRAM Management 


DP84422 Dynamic RAM Controller Interface Circuit for the 68000/008/010 CPUs ...DRAM Management 


DP84432 Dynamic RAM Controller Interface Circuit for the 


8086/8088/80186/80188 CPUS ....... cece cece cee e teen eee e eee eeenee DRAM Management 
DP84512 Dynamic RAM Controller Interface Circuit for the NS32332 .............. DRAM Management 
DP84522 Dynamic RAM Controller Interface Circuit for the 68020 CPU ............ DRAM Management 
DP84532 Dynamic RAM Controller Interface Circuit for the iAPX 286 CPU .......... DRAM Management 
MM58167A Microprocessor Real Time Clock «00... . cece eect eect eee tenn eens Real Time Clock 
MM58274C Microprocessor Compatible Real Time Clock.......... ee ie settle '...Real Time Clock 
NS32CG821 microCMOS Programmable 1M Dynamic RAM Controller/Driver ......DRAM Management 


Additional Information on 
Peripheral Products continues) 


NS32817 64k Dynamic RAM Controller/Driver DRAM Management 
NS32818 64k Dynamic RAM Controller/Driver- DRAM Management 
NS32819 256k Dynamic RAM Controller/Driver DRAM Management 
NS32819X 256k Dynamic RAM Controller/Driver DRAM Management 
NS32828 1 Megabit High Speed Dynamic RAM Controller/Driver DRAM Management 
NS32829 1 Megabit High Speed Dynamic RAM Controller/Driver DRAM Management 
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Interface Cross Reference Guide 


ZA National | 


Semiconductor 


Interface Cross Reference Guide 


AMD to National’s Interface 


AMD TO NATIONAL 


AM26LS30 DS3691 
AM26LS31 DS26LS31 
AM26LS32 DS26LS32A 
AM26LS33 DS26LS33A 
AM26S10 DS26S10 
AM26S11 DS26S11 
AM26S12 *DS8838 
AM2965 *DP84240 
AM2966 *DP84244 
AM8224 DP8224 
AM8228 DP8228 
AM8238 DP8238 
DP8303 DP8303A 
DP8304B DP8304B 
DP8307 DP8307 
DP8308 DP8308 
DS8838 DS8838 
N8T26A DS8T26 
P8212 DP8212 
P8216 DP8216 
P8226 DP8226 


National’s Closest Replacement 
Improved Performance 
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Motorola to National’s Interface 


MOTOROLA TO NATIONAL 


AM26LS31 DS26LS31 
DS8641 DS8641 
MC12015 DS8615 
MC12016 DS8616 
MC12017 DS8617 
MC1411 *DS2001 
MC1411 *DS9665 
MC1412 *DS2002 
MC1412 “DS9666 
MC1413 *DS2003 . 
MC1413 *DS9667. 
MC1416 *DS2004 
MC1416 *DS9668. 
MC1488 DS1488 
MC1489 DS1489A 
MC3430 “DS3650 
MC3431 *DS3651 
MC3432 DS3652 
MC3433 *DS3653 
MC3437 DS8837 
MC3438 DS8838 
MC3450 DS3650 
MC3452 DS3652 . 
MC3486 DS3486 
MC3487 DS3487 
MC3488A *“DS9636A 
MC6880A DS8T26A 
MC75107 DS75107 
MC75108 DS75108 
MC75129 DS75129. 
MC8T13 DS75121 
MC8T23 DS75123 
MC8T24 DS75124 
MC8T26A DS8834 
MC8T26A DS8T26A 
SN75172 DS96172 
SN75173 DS96173 
SN75174 DS96174 
SN75175 DS96175 





National’s Closest Replacement 
Improved Performance 
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Interface Cross Reference Guide 


Signetics to National’s Interface 


SIGNETICS TO NATIONAL 


758107 © *DS75107 
758108 *DS75108 
758208 *DS75208 
DS8820 DS8820 
DS8820A DS8820A 
DS8830 DS8830 
DS8880 DS8880 
MC1488 DS1488 
MC1489 DS1489 
MC1489A DS1489A 
- N8T13 DS75121 
N8T15 *DS75150 
N8T23 DS75123 
N8T24 DS75124 
N8T26. . DS8T26A 
N8T34 DS8834 
N8T37 DS8837 
N8T38 DS8838 
N8T380 DS8640 
N8T380 DS8836 
NE5601 *DS2001 
NE5601 *DS9665 
NE5602 *DS2002 
NE5602 . *DS9666 
NE5603 *DS2003 
NE5603 *DS9667 
NE5604 *DS2004 
NE5604 *DS9668 
ULN2001 DS2001 
ULN2001 DS9665 
ULN2003 DS9667 
ULN2003 DS2004 
ULN2003 DS2003 
ULN2004 DS9668 


National’s Closest Replacement 
Improved Performance 
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Sprague to National’s Interface 


SPRAGUE TO NATIONAL 


UDN3611 *DS3631 
UDN3612 *DS3632 
UDN3613 *DS3633 
UDN3614 *DS3634 
ULN2001 DS2001 
ULN2001 DS9665 
ULN2002 DS2002 
ULN2002 DS9666 
ULN2003 DS9667- 
ULN2003 DS2003 
ULN2004 DS2004 
ULN2004 DS9668 : 


National’s Closest Replacement 
Improved Performance 
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Texas Instruments to National’s Interface 


TEXAS INSTRUMENTS TO NATIONAL TEXAS INSTRUMENTS TO NATIONAL 


AM26LS31 DS26LS31 SN75176 DS75176B 
AM26LS32A DS26LS32A SN75176 +DS96176 
AM26LS33A DS26LS33A SN75177 +DS96177 
AM26S10 DS26S10 $N75182 DS8820A 
AM26S11 DS26S11 SN75183 DS8830 
DS3680 +DS3680 SN75188 DS1488 
DS8820A DS8820A SN75189 DS1489 
DS8830 DS8830 SN75189A DS1489A 
DS8831 DS8831 © SN75369 *pS0026 
DS8832 DS8832 SN75435 *DS3668 
MC1488 DS1488 SN75436 *DS3658 
MC1489 ; DS1489 SN75437 DS3658 
MC1489A DS1489A SN75437A *DS3658 
MC3486 DS3486 SN75438 *DS3658 
MC3487 DS3487 SN75440 DS3669 
N8T13 DS756121 SN75451B DS75451 
N8T23 DS75123 SN75452B DS75452 
N8T24 DS75124 SN75453B DS75453 
N8T26 DS8T26A SN75454B DS75454 
SN75107A *UA75107A SN75461 DS75461 
SN75107A *DS75107A SN75462 DS75462 
SN75107B DS75107 SN75463 DS75463 
SN75108A *DS75108 SN75464 DS75464 
SN75108B DS75108 SN75471 *DS3631 
SN75110A *UA75110A SN75472 *DS3632 
SN75110A *DS75110A SN75473 *DS3633 
SN75113 DS75113 SN75474 *DS3634 
SN75114 DS75114 SN75477 *DS3632 
SN75115 DS75115 SN75ALS053 +DS3893A 
$N75121 DS75121 SN75ALS056 +DS3896 
$N75123 DS75123 SN75ALS057 +DS3897 
SN75124 DS75124 SN75ALS176 +DS3695 
$N75128 DS75128 SN75ALS176 +DS36F95 
SN75129 DS75129 SN75ALS192 +DS$26C31 
SN75150 DS75150 SN75ALS193 +DS26C32A 
SN75154 DS75154 SN75ALS194 +DS34C87 
SN75160B DS75160A SN75ALS195 +DS34C86 
SN75161B DS75161A SN75C188 DS14C88 
SN75162 +DS75162A SN75C189A DS14C89A 
SN75162B DS75162A UA9636A DS9636A 
SN75172 +DS96172 UA9637A DS9637A 
SN75173 +DS96173 UA9638 DS9638 
SN75174 +DS96174 UA9639 DS9639 
SN75175 +DS96175 


Interface Cross Reference Guide 


National’s Closest Replacement 
Improved Performance 





intel to National’s Interface 


INTEL TO NATIONAL 


DS3245 
DP8212 
DP8216 
DP8224 
DP8226 
DP8228 
DP8238 
DP8304B 
DP8303A 


National’s Closest Replacement 
improved Performance 
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Transmission Line Drivers and Receivers—Introduction 

Transmission Line Drivers and Receivers—Selection Guide 

DS1488 Quad Line Driver 

DS14C88/DS14C89A Quad CMOS Line Driver/Receiver 

DS1489/DS1489A Quad Line Receiver 

DS26C31C CMOS Quad TRI-STATE Differential Line Driver 

DS26F31C/DS26F31M Quad High Speed Differential Line Driver 

DS26LS31C/DS26LS31M Quad High Speed Differential Line Driver 

DS26C32AC/DS26C32AM CMOS Quad Differential Line Receiver 

DS26F32C/DS26F32M Quad Differential Line Receiver 

DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/DS26LS33M/DS26LS33AC Quad 
Differential Line Receivers 

DS34C86 Quad CMOS Differential Line Receiver 

DS35F86/DS34F86 RS-422/RS-423 Quad Line Receiver with TRI-STATE Outputs 

DS3486 Quad RS-422/RS-423 Line Receiver 

DS34C87 CMOS Quad TRI-STATE Differential Line Driver 

DS35F87/DS34F87 RS-422 Quad Line Driver with TRI-STATE Outputs 

DS3587/DS3487 Quad TRI-STATE Line Driver 

DS1603/DS3603 TRI-STATE Dual Receivers 

DS1650/DS1652/DS3650/DS3652 Quad Differential Line Receivers 

DS1691A/DS3691 RS-422/RS-423 Line Drivers with TRI-STATE Outputs 

DS1692/DS3692 TRI-STATE Differential Line Drivers 

DS16F95/DS36F95 RS-485/RS-422 Differential Bus Transceiver 

DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 Multipoint RS-485/RS-422 
Transceivers/Repeaters 

DS3695A/DS3695AT/DS3696A/DS3696AT Multipoint RS-485/RS-422 Transceivers 

DS36950 Quad Differential Bus Transceiver 

DS55107/DS55108/DS75107/DS75108/DS75208 Dual Line Receivers 

DS55110A/,A55110A/DS75110A/4A75110A Dual Line Drivers 

DS55113/DS75113 Dual TRI-STATE Differential Line Drivers 

DS55114/DS75114 Dual Differential Line Drivers 

DS55115/DS75115 Dual Differential Line Receivers 

DS$55121/DS75121 Dual Line Drivers 

DS551 22 Triple Line Receiver 

DS75123 Dual Line Driver 

DS75124 Triple Line Receiver 

DS75128/DS75129 Eight-Channel Line Receivers 

DS75150 Dual Line Driver 

DS75154 Quad Line Receiver 

DS75176B/DS75176BT Multipoint RS-485/RS-422 Transceivers 

DS7820/DS8820 Dual Line Receivers 

DS7820A/DS8820A Dual Line Receivers 

DS78C20/DS88C20 Dual CMOS Compatible Differential Line Receivers 

DS7830/DS8830 Dual Differential Line Drivers 

DS7831/DS8831/DS7832/DS8832 Dual TRI-STATE Line Drivers 

DS78C120/DS88C120 Dual CMOS Compatible Differential Line Receivers 

DS78LS120/DS88LS120 Dual Differential Line Receivers (Noise Filtering and Fail Safe) 

DS8921/DS8921T/DS8921A/DS8921AT Differential Line Drivers and Receiver Pair 
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DS8922/DS8922A/DS8923/DS8923A TRI-STATE RS-422 Dual Differential Line Driver and 
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DS8924 Quad TRI-STATE Differential Line Driver 
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pA9622/DS9622 Dual Line Receivers 

p.A9627/DS9627 Dual Line Receivers 

DS9636A/pA9636A RS-423 Dual Programmable Slew Rate Line Drivers 

DS9637A/.A9637A Dual Differential Line Receivers 

DS9638/nA9638 RS-422 Dual High Speed Differential Line Drivers 

DS9639A/uA9639A Dual Differential Line Receivers 

DS96F172/DS96F 174 RS-485/RS-422 Quad Differential Drivers 

DS96172/wA96172/DS96174/»,A96174 RS-485/RS-422 Quad Differential Line Drivers .... 

DS96F173/DS96F 175 RS-485/RS-422 Quad Differential Receivers 

DS96173/A96173/DS96175/1.A96175 RS-485/RS-422 Quad Differential Line Receivers. . 

DS96176/uA96176 RS-485/RS-422 Differential Bus Transceivers 

DS96177/A96177 RS-485/RS-422 Differential Bus Repeaters 

MM78C29/MM88C29 Quad Single-Ended Line Drivers 

MM78C30/MM88C30 Quad Differential Line Drivers 

AN-22 Integrated Circuits for Digital Data Transmission 

AN-108 Transmission Line Characteristics 

AN-214 Transmission Line Drivers and Receivers for EIA Standards RS-422 and RS-423 .... 

AN-216 Summary of Electrical Characteristics of Some Well Known Digital Interface 
Standards names 

AN-409 Transceivers and Repeaters Meeting the EIA RS-485 Interface Standard 

AN-438 Low Power RS-232C Driver and Receiver in CMOS 

AN-457 High Speed, Low Skew RS-422 Drivers and Receivers Solve Critical System Timing 
Problems 

AN-702 Build a Directional-Sensing Bidirectional Repeater 

p»A9614/DS9614 Dual Differential Line Driver (See DS551 14 Datasheet) 

»A9615/DS9615 Dual Differential Line Receiver (See DS55115 Datasheet) 

DS55107A Dual Line Receiver (See DS55107 Datasheet) 





Transmission Line Drivers/Receivers 


ZA National 


Semiconductor 


Transmission Line Drivers/Receivers 


The common purpose of transmission line drivers and re- 
ceivers is to transmit data quickly and reliably through a 
variety of environments over electrically long distances. 
This task is complicated by the fact that externally intro- 
duced noise and ground shifts can severely degrade the 
data. 


The connection between two elements in a system should 
be considered a transmission line if the transmitted signal 
takes longer than half its rise or fall time to travel from the 
driver to the receiver. 


Single-Ended Data Transmission 


In data processing systems today there are two basic 
means of communicating between components. One meth- 
od is single-ended, which uses only one signal line for data 
transmission, and :the other is differential, which uses two 
signal lines. 


The Electronics industry Association (EIA) has developed 


several standards to simplify the interface in data communi- . 


cations systems. 


RS-232 


The first of these, RS-232, was introduced in 1962 and has 
been widely used throughout the industry. RS-232 was de- 
veloped for single-ended data transmission at relatively 
slow data rates (20 kBaud) over short distances (up to 
50 ft.). ‘ 


RS-423 


With the need to transmit data faster and over longer dis- 
tances, RS-423, a newer standard for single-ended applica- 
tions, was established. RS-423 extends the maximum data 
rate to 100 kBaud (up to 30 ft.) and the maximum distance 


_ -RS-422 


to 4000 feet (up to 1 kBaud). RS-423 also requires high 
impedance driver. outputs with power off so as not to load 
the transmission line. 


Differential Data Transmission 


When transmitting at very high data rates, over long dis- 
tances and through noisy environments, single-ended trans- 
mission is often inadequate. In these applications, differen- 
tial data transmission offers superior performance. Differen- 
tial transmission nullifies the effects of ground shifts and 
noise signals which appear as common mode voltages on 
the transmission line. 


RS-422 was defined by the EIA for this purpose and allows 
data rates up to 10 MBaud (up to 40 ft.) and line lengths up 
to 4000 feet (up to 100 kBaud). 


Drivers designed to meet this standard are well suited for 
party-line type applications where only one driver is con- 
nected to, and transmits on, a bus and up to 10 receivers 
can receive the data. While a party-line type of application 
has many uses, RS-422 devices cannot be used to con- 


struct a truly multipoint bus. A multipoint bus consists of 


multiple drivers and receivers connected to a single bus, 
and any one of them can transmit or receive data. 


~RS-485 


To meet the need for truly multipoint communications, the 


' EIA established RS-485 in 1983. RS-485 meets all'the re- 


quirements of RS-422, but in addition, this new standard 
allows up to 32 drivers and 32 receivers to be connected to 
a single bus—thus allowing a truly multipoint bus to be con- 
structed. 


RS-232 Application 


TL/XX/0094-1 


EIA RS-423 Application 


TL/XX/0094-2 





Differential Data Transmission (continued) 
EIA RS-422 Application 


TL/XX/0094-3 


The key features of RS-485: , m Drivers can withstand bus contention and bus faults 
| Implements a truly multipoint bus consisting of up to 32 National Semiconductor produces a variety of drivers, re- 
drivers and 32 receivers ceivers, and transceivers for these four very popular trans- 
m An extended common-mode range for both drivers and mission standards and numerous other data transmission 
receivers in TRISTATE and with power off (—7V to requirements. 
+ 12V) Shown below is a table that highlights key aspects of the 
EIA Standards. More detailed comparisons can be found in 
the various application notes in Section 1. . 
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RS-485 Application 


D — Driver 
R — Receiver 
T — Transceiver 
TL/XX/0094-4 


Specification | _Rs-232c_ | As423_ | RS~422_—|S 485 
Mode of Operation Differential 
Number of Drivers and Receivers 32 Drivers, 
Allowed on One Line 1 Receiver 10 Receivers 10 Receivers 32 Receivers 
Maximum Cable Length 4000 feet 
Maximum Data Rate | 20kb/s | 100Kb/s_— | t0Mb/s | 1O.Mb/s_ 
Driver Output Maximum Voltage —7V to +12V 
Driver Output Signal Level £1.5V | 

+8V 

Driver Load Impedance 540 
Maximum Driver Output Current | PowerOn | ——-—— | —~-—— [| —— |] +100 pA 
Al ol ein oa £100 pA 
Slew Rate | 30V/usmax_| ControlsProvided | | —-—— _|__ —-—— 
Receiver Input Voltage Range —7V to +12V 
Receiver Input Sensitivity +200 mV | 
Receiver Input Resistance 12kQ min 








9-l 





_ EIA RS-232 UNBALANCED LINE DRIVERS AND RECEIVERS 


Device Number Number 


Drivers 


Commercial 


ecole 
DS1488 

DS14C88 
DS75150 


DS9616H 


Device Number Number 


Commercial Military ; of 
0°C to +70°C —~55°C to +125°C Receivers 


DS1489 
DS1489A 
DS14C89A 
DS75154 





DS9627 


Note: * denotes Max prop Delay 


Characteristics of an EIA RS-232 Device: 
DEVICE/GENERATOR: 


Minimum driver high output voltage with 3 kN. load — +3V . 


Minimum driver low output voltage with 3 kN load — —3V 


Maximum power off driver output resistance (Vo = —2V to 
+2V) — 3002 


Typical maximum data rate — 20 kb/s 
See EIA Standard RS-232D/E for exact conditions. 


Power 
Supplies 
Vcc/Vee (V) 


ee ee ee 
pT | tb tot12 | 08 | 
Tee ae ee ee 

3 (eas oa ae 


ee ak ae ee 
een Se oe eee 
eee ie es ee 
ee ee a Er 

es ee 


RECEIVERS: 


Transmission Line Drivers/Receivers 


Typical Min Typical Comments and 
lo Vo (V) Prop. Delay Packages | « ecial Features 
(mA) 2 (ns) : 
+5 


| =23 | +6 | +6/+0 | 
| 0106 | 
[= 20 | 
es 


Siew Rate 
Control | 


C10 | 29720 [5000 [imal | Nam | tow Power 
Tso | as [eo | ewemaican | vam | 
eae (ae aera ices Deaeera P 


Typleal Response | | 
Be Control . Packages 


Comments * Special Features 


| 28 ~~ ExternalCap. | _N,J,M__ | - Noise Filter, Adjustable Thresholds 
| 28 | ExtemnalCap. | _N,J,M__| Noise Filter, Adjustable Thresholds | 
| es00r | 
| sso | ae 

| 250" 


eee 
a ee a 


Receiver input voltage range — +15V 
Receiver input sensitivity — +3V 
Receiver input resistance — >3 kN and <7 kN 


1—[>>o— Do 
DRIVER /GENERATOR 


m—o- RI 


RECEIVER 


TL/XX/0099-1 


EIA RS-422 BALANCED LINE DRIVERS 


Device Number 


# 
Commercial Pee 
acto +70°C | —40'Cto +850 
DS26C31C a 
pssace7 | 


DS26F31C 
DS26LS31C 
DS3487 


DS34F87 
DS3691 
DS8921 DS8921T 
DS8921A DS8921AT 
DS8922 
DS8922A 
DS8923 
DS8923A 
DS9638C 


DS9638M 


Note: * denotes a Max specification. All devices available in N, J, and M packages except where noted. 


Gharacteriallcs of an EIA RS-422 Line Driver: 


Minimum diver Stitt voltage with 1002 test termination 
load — Greater than |2V| or 50% of unloaded output volt- 
age 

Driver output resistance — Less than 509 


Driver output short circuit current (Vo = OV) — Less than 
* 150 mA 


Driver power off current (Vo = —250 mV to +6V) — Less 
than +100 pA 


Typical! maximum data rate — 10 Mb/s 
See EIA Standard RS-422A for exact condition. 








Rated 


lou 
(mA) 


Max 
VoL 
(V) 


Rated 


lo. 


Typ 
Prop. 
Delay (ns) 


Comments and 
Special Features 


2 | 6 | LowPowercMosDevice 
| 10 | Nand Package Only 
er ee eee 
ae see 
| 6 ___| LowPowerCMOs Device 
| 20" | Nandu Package Only 
| 120__| Mode Pin Selects 422 or 423 | 
| 10 | Transceiver 
| 10 | LowSkew Transceiver 
a | 12 | dualtranscever 
8 | 12 | Lowskew Dual Transceiver_| 
a | 12 | Duattransceiver | 
8 | 12 | LowSkew Dual Transceiver_| 
ee ae: 


- DRIVER/GENERATOR 
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TL/XX/0099-2 


# of Power 
Drivers Supplies 


ee per Voc/VeE 
Package (V) 
— 55°C to + 125° 


DS1691A +5 
DS9636AM 


Characteristics of an EIA RS-423 line driver: 


Device Number 


Commercial 
0°C to + 70°C 
DS3691 
DS9636AC 


Minimum driver output voltage with 4509 load — Greater 
than [3.6V] a 


Driver output resistance — Less than 500 


Driver output short circuit current (Vo = OV) — Less than 
150 mA 


Maximum driver output voltage — +6V 


Driver power off current (Vo = +6V) — Less than 
£100 pA 


See EIA Standard RS-423A for exact conditions. 


Transmission Line Drivers/Receivers 


EIA RS-423 UNBALANCED LINE DRIVERS 


Max 
Supply Typical 
Current los 
Icc/lEe 


Typical 
Prop. 
Delay 

(ns) 


30/—22 ExternalCap. | NiwiM [| 
+60 1400 External Res. One Resistor Sets Slew Rate 


1—[>>o— 0» 


DRIVER/GENERATOR 


Slew Rate 
Control 


Comments and 


recrage> Special Features 


TL/XX/0099-3 





EIA RS-422 / RS-423 BALANCED RECEIVERS 


Comments and 
# 
ve Output Stage | Packages Specialeatures Page 


Device Number 
Commercial a 
sry Drivers 
oC to + 70°C | —40°C to + 85°C | —55°Cto + 125°C 
pszecazac, | 
DS26F32M 


DS26LS32M 
DS35F86 
DS78C20 


DS78C120 
DS78LS120 


Typ 


Prop. Delay 
(ns) 





o 
H 


DS26F32C 
DS26LS32C 
DS26LS32AC 


H- 


= 
H 
a 


+ 


DS34C86 


a 
H+ 


DS34F86 
DS3486 
DS88C20 
DS88C120 
DS88L$120 
DS8921 DS8921T 
DS8921A DS8921AT 
DS8922 
DS8922A 
DS8923 
DS8923A 


DS9637AC DS9637AM 


Characteristics of an EIA RS-422/423 Receiver: 


HH 


oO 
He 


oe 
15/90 
15/30 


+ 


H+ lH} TH | 
—_ ~s 
olo!lo 


t+ 


7 
H | tH JH 
a — 

ao 


pnininlals tb 
a 
He 


Receiver common mode voltage range — +7V 
Receiver sensitivity over +7V common mode — 200 mV 

RECEIVER 
Maximum differential input voltage — 12V TL/Xx/0099-4 
Minimum receiver input impedance — 40000 


See EIA Standard RS-422A or RS-423A for exact conditions. 


212 
2] 
°o 
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Commercial 

' 0°C to + 70°C 
DS36F95 
DS3695 
DS3696 
DS3697 
DS3698 
DS3695A 
DS3696A 

_DS75176B 
DS96F172C 
DS96F174C 
DS96172 
DS96174 
DS96F173C 
DS96F175C 
DS96173 
DS96175 
DS96176 
DS96177 
DS36950 


Transmission Line Drivers/Receivers 


EIA RS-485 BALANCED LINE DRIVERS, RECEIVERS AND TRANSCEIVERS 


Device Number Number 


Drivers | Receivers 


—40°C to +.85°C | — 55°C to + 125°C 


DS16F95 


DS3695AT 
DS3696AT 
DS75176BT 
DS96F172M 
DS96F174M 


DS96F173M 
DS96F175M © 


Note: * denotes a Max specification. 


Characteristics of an EIA RS-485 Device: 
RECEIVERS: DRIVERS: 


Receiver common mode voltage range — —7V to +12V 


Receiver sensitivity over common mode range — 200 mv __ than 1.5V 


Typical receiver input impedance — greater than 12 k. 
See EIA Standard RS-485 for exact conditions. 


+250 mA 


Typ. Driver | Typ. Receiver Comments and 
Prop. Prop. Packages Special Features 
Delay (ns) | Delay (ns) i 


| te | towPower 
eee 

eae 

[in 


fee eee 

2 

[25 [TN | Repose Thermal Shutdown Reporing | 

[2s | fsotcreciae 

[2s | w | so1e Package, Thoma! Shutdown Foprig| 
ee ee 


Low Power, Common Enable 
Low Power, Enable Pair ada 
Lo We, et ees noe ee 
J Low Power, Common Enable 


Pee wees ae 
Pieces ee ed 
ice a a 
Pas [ev [Qua Transca i appcaions 


| 
re 
rea _J_|LowPowerEnablePair | 
pete! 
ae 
pa 


Minimum driver output voltage with 549 load — greater 
Driver output short circuit current (Vo = —7V to +12V) — 


Maximum driver common mode output voltage — 3V 


Typical maximum data rate — 10 Mb/s. TYPICAL TRANSCEIVER 


TL/XX/0099-5 





Standard Military ise 


0°C to +70" 

188-114 | DS3692 
DS75110A 
875113 

Ds75121 

iBM3co | Ds75123 | =| Single Ended | 

ps8830 
ps883i 
psess2 

pssozs | | itforentian 


MM88C29 MM78C29 Single Ended 


MM88C30 MM78C30 - Differential 


Note 1: Driver can be used in differential or single ended mode. 
Note 2: Output features TRISTATE, Choice of open collector or active pull-up. 


Output Output Typical 
Voltage Current Prop. 
Min Vo (V) | Io (mA) | Delay (ns) 


fed 
R +40 
+40 


Comments and | Page 
Special Features # 


1-97 


| 190 
| 8 
a aa 

| soz | +40 | 1s | | vst 
| 24 | -t00 | os | | tt 
1-166 
| tos | +40 | 11 | s0adrver | 1-202 
1-206 
1-206 
| aos | sae {| 12 | | +298 
eee ees ee 
ae ae a ee EY 
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Transmission Line Drivers/Receivers 


BALANCED AND UNBALANCED RECEIVERS 


Max Rated Typ. 


Output Comments and Page 
Stage Special Features # 


mrrstate | | 1-80 
TRISTATE | | 1-60 
TRISTATE || 1-78 


Icc/leE | Vem Prop. 
(mA) (V) Delay (ns) 


S aE # of 
Standard Military Reseivers 
o°C to + 70°C | —55°C to + 125°C 


DS26LS33C | DS26LS33M 
oseeisasac | 


DS3603 DS1603 


DS3652 DS1652 


DS75107 DS55107 | 2 | e285 
DS75108 DS55108 +25 





+500 

+500 
£25 
+25 
+25 


40/—15 
60/—30 


Tw [re sraTe +82 


DS75208 +10 


DS75115 DS55115 +500 


= DS55122 
ma6o | ps75iza | 


J 


+25 
+25 

+3 

3 

3 

3 

3 

3 
15 

7 


1 


| 50 
| 102 
: 


es DS8820 © DS7820 
a= DS8820A DS7820A 


Note 1: Open collector output stage. 


17 
17 
21 
22 
17 
19 
20 
* 1000 50 
30 


2 
2 
2 


ne Ra Hel te Pe Pe | He 
arn 


+5 
+5 
5 
5 
5 
5 
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DS1488 Quad Line Driver 


General Description Features 
The DS1488 is a quad line driver which converts standard i Current limited output +10 mA typ 
TTL input logic levels through one stage of inversion to out- ™ Power-off source impedance * 300 min 
put levels which meet EIA Standard RS-232D and CCITT =m Simple slew rate control with external capacitor 
Recommendation V.24. @ Flexible operating supply range 

: @ Inputs are TTL/LS compatible 


Schematic and Connection Diagrams 
1/4 Circult Dual-In-Line Package 


TL/F/5776-2 
re Top View 


TL/F/S776-1 | Order Number DS1488J, DS1488M or DS1488N 
See NS Package Number J14A, M14A or N14A 


RS-232C Data Transmission 


: 1/4 DS1489 OR 
PLES 1/4 081488 on 0S1489A 


INTERCONNECTING 


1/4. 081489 OR i 


DS1489A 


INTERFACE DATA | 
TERMINAL EQUIPMENT : i a 


TL/F/5776-3 


*Optional for noise filtering 





8871S 


DS1488 





Absolute Maximum Ratings (note 1) 4 

if Military/Aerospace specified devices are required, Storage Temperature Range -. —65°C to + 150°C 

please contact the National Semiconductor Sales Maximum Power Dissipation* at 25°C. © 

Office/Distributors for availability and specifications. Cavity Package 1364 mW 

Supply Voltage Molded DIP Package 1280 mW 
vt +15V SO Package 974 mW 
ve —15V Lead Temperature (Soldering, 4 sec. ; 260°C 


Input Voltage (Vin) —15V < Vin < 7.0V ' *Derate cavity package 9.1 mW/°C above 25°C; derate molded DIP pack- 
Output Voltage ~  +45V age 10.2 mW/°C above 25°C; derate SO package 7.8 mW/°C above 25°C. 


Operating Temperature Range  0°C to +75°C 


| Electrical Char acteristics (Notes 2 and 3) Voct = 9V, Vcc— = —9V unless otherwise specified 


Symbol | __Parameter__— | Conditions | win. | typ | Max | Units 

| Logical“o” input Curent | Vvw=ov || 4.0 | = 13 | om 

ing ___| Logical “1” inputCurent_| Viy=+sov | 0.005 | 10.0" | az 

Vou Au =a0Kn, [vVe=sovv-=—eov [60 | 7o | |v 
Vin =08V [vt=13avv-=-132v | 90 | 105 | |v 

Vou R_=3.0k0, | v+=90v,v-=-e0v | -e0| -6a | |v 
le a2 


lost High Level Output Vout = OV, Vin = 0.8V a = 
_| Short-Circuit Current oe ig mn 
los— Low Level Output Vout = OV, a = 1.9V mi 
Co ee Current 


Rout | Output Resistance Resistance =V- =O0V, Your = +2V0 ~~” 9 
Icc* Positive Supply Current = 1. pours 24 mA 
| er | [vtsivve= =v | | 190 | 250 | ma 
a Bad _[vt=tsvve=-15v_ [| | 250 | 340 | ma 

Vin=oev [| vt¥=oov,vu=-oov | | 46 | 60 | ma 
[vtsiavvo= piv | | ss | 70 | ma 

pvt =isvve=-isv [| | eo | 120 | ma 

Negative Supply Current | Viy=1.0V | v= g9ov,v-=-a0v | | -1a0 | -17.0 | ma 
nee [vt staves tev | | =180 | -230 | ma 

pvt =isvvo=-15v [| | 250 | -340 | ma 
jv+=aov,v-=-s0v | | -o001 | -0015 |_ma 


|vtstav.vo= nv | | 0.001 | -0.016 | 
|v+=tvv-=-tev_ | | -oo1 | -26 | 
Power Dissinaon | V+ = aovv = ov 0 | ase | 


Vi = 12V,Vo = 12 jo | asa | sz6_| 


Switching Characteristics (vcc = 9V, Vee = —9V, Ta = 25°C) 


a Seas 
Pristine | a sang, v6pF Tam awe | | 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 75°C temperature range for the DS1488. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values aewn 
as max or min on absolute value basis. 





Applications 
By connecting a capacitor to each driver output the slew 
rate can be controlled utilizing the output current limiting 
characteristics of the DS1488. For a set slew rate the ap- 
propriate capacitor value may be calculated using the fol- 
lowing relationship 

C = Isc (AT/AV) 
where C is the required capacitor, Isc is the short circuit 
current value, and AV/AT is the slew rate. 


Typical Applications (Continued) 
DTL/TTL-to-MOS Translator 


+12V 


1/4 DS1488 


OTL/TTL MOS OUTPUT 
INPUT -10V TO -0.4V 


TL/F/5776-4 


RS-232C specifies that the output slew rate must not ex- 
ceed 30V per microsecond. Using the worst case output 
short circuit current of 12 mA in the above equation, calcula- 
tions result in a required capacitor of 400 pF connected to 
each output. 


See Typical Performance Characteristics. 


DTL/TTL-to-HTL Translator 


+12V 


1/4 DS1488 


OTL/TTL HTL OUTPUT 
INPUT ~0.7V TO 10V 


TL/F/5776-5 


DTL/TTL-to-RTL Translator 


+12V 


1/4 081488 


DTL/TTL 
INPUT 


-12V 


RTL OUTPUT 
-0.7V TO +3.7V 


TL/F/5776-6 


AC Load Circuit and Switching Time Waveforms 


Are 


Vin Vout 


15 pF* 


TL/F/5776-7 
*CL includes probe and jig capacitance. 


2.0V 


bs ‘oat 


tt 
tr and ty are measured between 10% 


and 90% of the output waveform. TL/F/5776-8 





88rlSa 


DS1488 


Typical Performance Characteristics 1, = +25°c unless otherwise noted 


Vo» OUTPUT VOLTAGE (VOLTS) 
Isc, SHORT CIRCUIT OUTPUT CURRENT (mA) 


0 02 04 06 08 10 12 14 16 18 20 ~75° 50 “25 0 25 50 75 100 125 


Vin» INPUT VOLTAGE (VOLTS) T, TEMPERATURE (°c) - 


TL/F/5776-9 : TL/F/5776-10 
FIGURE 1. Transfer Characteristics FIGURE 2. Short-Circuit Output 
vs Power Supply Voltage Current vs Temperature 


a a 
Aaa ae 
Oe Se 
RCE ERS 
rNIN TT TT NAT 
ee 

AA + VN 


-_~ 
x 
Py 
= 
-J 
fo) 
> 
w~ 
= 
=< 
a 
g 
“a 


lo, OUTPUT CURRENT (mA) 
































=16-12 -8 -4 0 4 8 12 16 
C,, CAPACITANCE (pF) Vo» OUTPUT VOLTAGE (V) 


TL/F/5776-11 TL/F/5776-12 
FIGURE 3. Output Slew Rate vs FIGURE 4. Output Voltage and 
Load Capacitance Current-Limiting Characteristics 
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ZANational 


Semiconductor 


DS14C88/DS14C89A Quad CMOS Line Driver/Receiver 


General Description 


The DS14C88 and DS14C839A, pin-for-pin replacements for 
the DS1488/MC1488 and the DS1489/MC1489, are line 
drivers/receivers designed to interface data terminal equip- 
ment (DTE) with data communications equipment (DCE). 
These devices translate standard TTL or CMOS logic levels 
to/from levels conforming to RS-232-D and CCITT V.24 
standards. 

Both devices are fabricated in low threshold CMOS metal 
gate technology. They provide very low power consumption 
in comparison to their bipolar equivalents; 900 pA versus 
26 mA for the receiver and 500 A versus 25 mA for the 
driver. 

The DS14C88/DS14C89A simplify designs by eliminating 
the need for external capacitors. For the DS14C88, slew 
rate control in accordance with RS-232-D is provided on 
chip, eliminating the output capacitors. For the DS14C89A, 
noise pulse rejection circuitry eliminates the need for re- 
sponse control filter capacitors. When replacing the 
DS1489 with DS14C89A, the response contro! filter pins 
can be tied high, low or not connected. 


Connection Diagrams 


DS14C88 Dual-In-Line Package 


TL/F/8508-9 


Order Number DS14C88J, DS14C88N and DS14C88M 
See NS Package Number J14A, M14A or N14A 


Features 
@ Meets EIA RS-232-D and CCITT V.24 standard 
m Low power consumption 
@ Pin-for-pin equivalent to DS1488/MC1488 and 
DS1489/MC1489 
Low Delay Slew 
DS14C88 Driver 
— Power-off source impedance 300 min. 
— Wide operating voltage range: 4.5V-12.6V 
— TTL/LSTTL compatible 
DS14C89A 
— Internal noise filter 
— Inputs withstand +30V 
— Fail-safe operating mode: High output for open input 
— Internal input threshold with hysteresis 


DS14C89A Dual-In-Line Package 


INPUT OUTPUT INPUT 
i) 


OUTPUT 
C 


QUTPUT INPUT nC 


INPUT AC 
A A B 


OUTPUT. GND 
8 


TL/F/8508-2 


Order Number DS14C89AJ, DS14C89AM or DS14C89AN 
See NS Package Number J14A, M14A or N14A 
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DS14C88/DS14C89A 


DS14C88 Quad CMOS Line Driver 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Lead Temp. (Soldering 10 sec.) + 260°C 
please contact the National Semiconductor Sales Supply Voltage V+ +13V 
Office/Distributors for availability and specifications. V7 —13V 


Voltage at Any input Pin (V+)+0.3V to GND—0.3V This product does not meet 2000V ESD rating. (Note 4) 
"NEE a pert lV+ — Vo] < 30V Operating Conditions , 

|V- — Vo| < 30V Min Max 
Storage Temp. —65°C to + 150°C Supply Voltage V+ (GND = OV) +45V = +12.6V 
Power Dissipation (See Note 2) Supply Voltage V~ (GND = OV) —4.5V —12.6V 
Junction Temperature +150°C Temperature Range orc + 75°C 


DC Electrical Characteristics 
Ta = O°C to +75°C, V+ = 4.5V to 12V, GND = OV, V- = —4.5V to —12V unless otherwise specified 


Symbol | _———Parameter_ =| =~ Condiitions 
tus WH Maximum Input Current Vin = GND or yt 
Vi High LevelinputVoltage | 


Vit Low Level Input Voltage vt >7V,V7 <—-7V 
vt <7V,V_ > -7V 


VoH High Level Output Voltage Vin = Vit 

Ry = 3k or 7k 

Vt = +4.5V,V~- = —4.5V 
Vt = +9V,V- = -9V 
V+ = +12V,V7 = -12V 


Low Level Output Voltage 


—3.0 
—6.5 
—9.0 





los+ High Level Output 
Short Circuit 
Current (Note 3) Vt = +12V,V- = -—12V 


3.0 
6.5 
9.0 
los— Low Level Output Vin = Vin 
Short Circuit Vout = GND 
Current (Note 3) Vt = +12V,V~ = 12V 


Rout Output Resistance V+ =V- =0V 
—2V < Vout s 2V 


loc+ Positive Supply Current Vin = Vit» RL = open 
(per package) Vt = +4.5V,V— = —4,5V 
Vt = +9V,V- = -9V 
+12V,V- = —12V 


Vins RL = open 
+4.5V,V—- = —4.5V 
+9V,V- = -9V 
+12V,V— = -12V 
Negative Supply Vit, RL = open 
Current (per +4,5V,V—- = —4.5V 


10 
30 
60 


50 
300 
500 


—10 
—10 
—10 


package) +9V,V- = -—9V 

+12V,V— = -12V 
Vins RL = open 
+4.5V,V- = —4.5V 
+9V,V- = -9V_. 
+12V,V—- = -12V 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 

they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 

operation. 

Note 2: Power Dissipation N-Package: 1300 mW at 25°C, J-Package: 1000 mW at 25°C. 

Note 3: log+ and Igg— values are for one output at a time. If more than one output is shorted simultaneously, the device dissipation may be exceeded. 

Note 4: For ESD level, contact the local National Semiconductor Sales Office. 





DS14C88 Quad CMOS Line Driver 


AC Electrical Characteristics 1, = oc to +75°C,v+ = +4.5V to 12V, GND = OV, 
V- = —4.5V to —12V, RL = 3 kN, C_ = 50 pF unless otherwise specified (Notes 5 and 6). 


[Parameter «| ——_—Conattions | min | Typ | Max 


Propagation Delay Vt = +4.5V,V- = —4.5V 6.0 
to a Logic “1” " V+ = +9V,V—- = -9V 
V+ = +12V,V- = —12V 
Propagation Delay V+ = +4.5V,V- = —4.5V 
to a Logic “oO” V+ = +9V,V- = -9V 
V+ = +12V,V- = —12V 


OuiputRiseandFalTime(Note7) | | 
Typical Propagation Delay Skew V+ = 12V,V~ = —12V © a 


Output Slew Rate RL = 3k2. to 7 kN 
(Note 7) 15 pF < CL <2.5nF 
Note 5: AC input waveforms for test purposes: 
ty = ty S$ 20ns, Vin = 2.0V, Vi_ = 0.8V (0.6V at Vt = 4.5,V_ = —4.5V) 
Note 6: Input rise and fall times must not exceed 5 ps. 
Note 7: The output slew rate, rise time, and fall time are measured by measuring the time from'+3.0V to —3.0V on the output waveforms. 


AC Load Circuit 


Vin Vour 
, 3K 50pF* 


*C, includes probe and jig capacitance. 
: TL/F/8508-7 


Switching Time Waveforms 


t5V 


be tt 5 


Your 


t, and t; are measured 
between +3V_= and 
—3V of the output 
waveform. 


TL/F/8508-8 
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DS14C88/DS14C89A 


DS14C89A Quad CMOS Line Receiver 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 


please contact the National Semiconductor Sales. 


Office/Distributors for avallability and specifications. 

Voltage at Any Input Pin ‘—80V to + 30V 
Voltage at Any Output Pin (Vcc) +0.3V to GND — 0.3V 
Storage Temperature —65°C to + 150°C 
Power Dissipation 500 mW at + 75°C 
Junction Temperature 


DC Electrical Characteristics 


+150°C 


* +260°C 


Lead Temp. (Soldering 10 sec) ; 
 +6V 


Supply Voltage 


This product does not meet 2000V ESD rating. (Note 3) 


Operating Conditions 

Max 
+5,5V 
+75°C 


Min 
~+4,5V 
o°c 


Supply Voltage Voc (GND = OV) 
Temperature Range 


Ta = O°C to +75°C, +4.5 < Voc < 5.5V, GND = OV, unless otherwise specified 


| Parameter | Gonaitions_ | min | typ | Max _ | 
|_InputHigh Threshold Votage | | ts | | 
|_InputLowThresholdVottage | | || 
| TypicalinputHysteresis | | | to | 


Input Current 


Output High Voltage oo 


Output Low Voltage 


~ Vin = VTL (min) 
louT = —3.2mA 


~ Vin = VtH(max) 


lout = +3.2mA 


Supply Current 


Vin = VTH (max) 
or Vr_ (min) 


AC Electrical Characteristics 


Ta = 0°C to + 75°C, +4.5V < Voc < +5.5V, CL = 50 pF, unless otherwise specified (Note 2) 


| Parameter | Goncitions. | Min | Typ _| 


Propagation Delay to a Logic “1” 


Propagation Delay to a Logic ‘“‘0” 


Typical Propagation Delay Skew 


Output Rise Time 
Output Fall Time ‘ 


Input pulse width > 10 ps 


| tmputpuisewidin= ious | | | 65 _| 
ae a ee 





| PulseWidth Assumedtobe Noise | | | Tt 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: AC input waveform for test purposes: t, = t; = 200 ns, Viy = +3V, Vit = —3V,f = 20 kHz. 
Note 3: For ESD levels, contact the local National Semiconductor Sales Office. 
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DS14C89A AC Test Circuit 


Vee OUTPUT 


PULSE 
GENERATOR 
50 pF 
INCLUDING 


(Note 2) | JIG ANDO PROBE 


TL/F/8508-4 


DS14C89A Timing Diagram 


TL/F/8508-5 


Typical Applications for DS14C88 and DS14C89A 


RS232D Data Transmission 


INTERCONNECTING 
CABLE 


1/4 DS14CB8 


DATA TERMINAL DATA COMMUNICATIONS 
EQUIPMENT (DTE) SIGNAL GROUND =" EQUIPMENT (DCE) 


TL/F/8508-3 
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DS14C88/DS14C89A 


Block Diagrams 


TTL INPUT 
BUFFERS 


INPUT 
RESISTOR 


DS14C88 
(Y% circuit shown) 


OUTPUT 
DRIVER 


OUTPUT 


LEVEL 
SHIFTER 


SLEW RATE 


CONTROL TL/F/8508-6 


DS14C89A 
(¥% circuit shown) 


OUTPUT 


COMPARATOR =—_—S NOISE OUTPUT 
FILTER ORIVER 


TL/F/8508~1 
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ZA National 


Semiconductor 


DS1489/DS1489A Quad Line Receiver 


General Description 


The DS1489/DS1489A are quad line receivers designed to 
interface data terminal equipment with data communica- 
tions equipment. They are constructed on a single monolith- 
ic silicon chip. These devices satisfy the specifications of 
EIA Standard RS-232D. The DS1489/DS1489A meet and 
exceed the specifications of MC1489/MC1489A and are 
pin-for-pin replacements. 


Schematic and Connection Diagrams 


(% of unit shown) 


RESPONSE 
CONTROL 


DS1489: Re = 10k 
DS1489A: Re = 2k 


Features 

m Four separate receivers per package 

m Programmable threshold 

@ Built-in input threshold hysteresis 

a ‘Fail safe” operating mode: high output for open inputs 
@ Inputs withstand +30V 


Dual-In-Line Package 


RESPONSE RESPONSE 
INPUT CONTROL we rar CONTROL Surat 
D i) c 


TL/F/5777-1 


INPUT RESPONSE OUTPUT INPUT RESPONSE OUTPUT GND 
A CONTROL A 8 CONTROL 8 
B 


TL/F/5777-2 
Top View 
Order Number DS1489J, DS1489Aug, 
DS1489M, DS1489AM, DS1489N or DS1489AN 
See NS Package Number J14A, M14A or N14A 


AC Test Circuit and Voltage Waveforms 


RESPONSE CONTROL 
= OPEN 


GENERATOR 


OUTPUT 


INCLUDING 


A JIG AND PROBE 


TL/F/5777-3 


TL/F/5777-4 


FIGURE 1 
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DS1489/DS1489A 


Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C 
please contact the National Semiconductor Sales Cavity Package 1308 mW 
Office/Distributors for availability and specifications. Molded DIP Package 1207 mW 


Power Supply Voltage 10V SO Package 1042 mw 
Input Voltage Range +30V Lead Temperature (Soldering, 4 sec.) 260°C 


20 mA *Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package 


Output Load Current 9.7 mMW/°C above 25°C; derate SO package 8.33 mW/°C above 25°C, 


Power Dissipation (Note 2) 1W 
Operating Temperature Range 0°C to + 75°C 
Storage Temperature Range —65°C to + 150°C 


Electrical Characteristics (notes 2,3 and 4) - 
DS1489/DS1489A: The following apply for Voc = 5.0V +1%, 0°C < Ta < +75°C unless otherwise specified. 


Symbol| Parameter | Conditions, =| Min_ | Typ | Max | unite 
Input High Threshold Voltage | Vout < 0.45V, DS1489 lt, =25c] 10 | 1.25 | 15 | 

psi4s9a | Ta 25 | 1.75 | 2.00 | 2.25 | 

IG eae ra me 


Input Low Threshold Voltage | Voyr = 2.5V, Ta = 25°C | 0.75 | 1.00 | 1.25 | 
iipurcurett Vin = +25 +0. 


Vin = —25V 
+0.43 


Vin = +3V 
Vin = —3 —0.43 


Ve 
Vou Output High Voltage lout = —0.5mA | Vin = 0.75V 
Input = Open 


Yin’ S:0¥ Jour = 10 mA 
Vin = 0.78V 
Vin = 5.0V 
Vin = 5.0V 





» 
— 


Nm 
o>] 
>) I 
@ 
oO ao tw 


bh 


Ss 
oOo 


Switching Characteristics vcc¢ = 5v, Ta = 25°C 


Parameter 


Input to Output “High” Ri = 3.9k, (Figure 1) (AC Test Circuit) 
Propagation Delay 


Input to Output “Low” Ri = 3900, (Figure 1) (AC Test Circuit) 
Propagation Delay 


Output Rise Time RL = 3.9k, (Figure 1) (AC Test Circuit) 
Output Fall Time R_ = 3900, (Figure 1) (AC Test Circuit) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 75°C temperature range for the DS1489 and DS1489A. 


ie] 





Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: These specifications apply for response control pin = open. 
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Typical Characteristics Vcc = 5.0v, T, = +25°C unless otherwise noted 


Sea eae 
i eee 
Y\_| 
| || 
ae 


V68rlSC/68h1Sd0 


1. INPUT CURRENT (mA) 





Vo» OUTPUT VOLTAGE (Vde) 


=1.0 
-25-20-15-10-5 0 5 10 15 20 25 30-20-10 0 10 20 30 


Vine INPUT VOLTAGE (VOLTS) ; V,. INPUT VOLTAGE (Vdc) 


TL/F/5777-7 TL/F/5777-8 
FIGURE 2. Input Current FIGURE 3. DS1489 Input Threshold Voltage Adjustment 


22 mt ++4+ +4 


bee 
DS1489A Vig —— 


— 
Ds1489 Vig 41 


Vg, OUTPUT VOLTAGE (Vdc) 
Viy» INPUT THRESHOLD VOLTAGE (Vdc) 








ae ea (eA a 
0-20-10 0 1.0 20 30 40 60-40-20 0 20 40 60 80 100 120 
Vj, INPUT VOLTAGE (Vdc) . T, TEMPERATURE (°C) 


TL/F/5777-9 
FIGURE 4. DS1489A Input Threshold Voltage 
Adjustment 


=10 
-3 


TL/F/5777-10 
FIGURE 5. Input Threshold Voltage vs Temperature 





DS14C89A 
/ INTERNAL 
NOISE 


INPUT VOLTAGE (VOLTS) 





INPUT THRESHOLD VOLTAGE (Vdc) 


Voc POWER SUPPLY VOLTAGE (Vdc) ; INPUT PULSE WIDTH (2S) 


TL/F/5777-11 TL/F/5777-12 
FIGURE 6. Input Threshold vs Power Supply Voltage FIGURE 7. Noise Rejection vs Capacitance for DS1489A 
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DS1489/DS1489A 


Typical Application Information 


1/4 0S1489/ 
DS1489A 


INTERCONNECTING 


1/4 DS1489/ CABLE 
DS1489A 


1/4 0S$1488 


INTERFACE DATA 
TERMINAL EQUIPMENT See ee 


' *Optional for noise filtering. TL/F/5777-5 


Applications Using the Response Control Pin 


Noise Filter Threshold Shift ; Noise Filter and Threshold Shift 
(See Figure 7) (See Figures 3 and 4) (See Figures 3, 4 and 7) 


1/4 DS1489/A 1/4 DS1489/A 1/4 DS1489/A 


ou’ Vout 
Response Response 
Control Control 


TL/F/5777-13 
TL/F/5777-14 TL/F/5777-15 


Application of DS148, DS1489A and INS8250 


INS8250 RS=232 
(UART) DS1488 Connector 


DS1489A 





TL/F/5777-16 





1-26 


ZA National 


Semiconductor 


DS26C31C CMOS Quad TRI-STATE® 


Differential Line Driver 


General Description 


The DS26C31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS26C31 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en- 
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 


The DS26C31 accepts TTL or CMOS input levels and trans- 
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. This device has enable 
and disable circuitry common to all four drivers. The 
DS26C31 is pin compatible to the AM26LS31 and the 
DS26LS31. 


Allinputs are protected against damage due to electrostatic 
discharge by diodes to Vcc and ground. 


Connection Diagram 


Dual-In-Line Package 


INPUT A 


CHANNEL A 


INPUT D 
OUTPUTS | 


CHANNEL D 


13_ | OUTPUTS 
ENABLE 


CHANNEL B 


ENABLE 
ees 


CHANNEL C 


10 | OUTPUTS 
INPUT B 


GND INPUT C 


TL/F/8574-1 
Top View 


Order Number DS26C31CJ, DS26C31CM or DS26C31CN 
_ See NS Package Number J16A, M16A or N16A 


Features 

@ TTL input compatible 

@ Typical propagation delays: 6 ns 

m@ Typical output skew: 0.5 ns 

@ Outputs won't load line when Voc = OV 

m Meets the requirements of EIA standard RS- 422 

™ Operation from single 5V supply 

mw TRI-STATE outputs for connection to system buses 
@ Low quiescent current 

B& Available in surface mount 


Truth Table 
Active High| Active Low Non-Inverting|Inverting 
aa Enable a aa 


= other 
combinations of 
enable inputs 





L = Low logic state 
H = High logic state 
X = Irrelevant 

Z = TRI-STATE (high impedance) 
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DS26C31C 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales Supply Voltage (Vcc). 
Office/Distributors for availability and specifications. DC Input or Output Voltage 


Supply Voltage (Vcc) —0.5V to 7.0V (Vin, Vout) 

DC Input Voltage (Vin) —1.5V to Voc +1.5V Operating Temperature Range (Ta) 
DC Output Voltage (Vout) —0.5V to 7V Input Rise or Fall Times (t,, t7) 
Clamp Diode Current (IIx, lox) +20mA 

DC Output Current, per pin (IquT) +150 mA 

DC Vcc or GND Current, per pin (icc) +150 mA 

Storage Temperature Range (Tstq) —65°C to + 150°C 


Max. Power Dissipation (Pp) @25°C (Note 3) 
Ceramic “J” Pkg. 2419 mW 
Plastic “‘N” Pkg. 1736 mW 
SOIC Pkg. 1226 mW 


Lead Temperature (T_) (Soldering, 4 sec.) 260°C 


DC Electrical Characteristics Voc = 5V +10% (unless otherwise specified) (Note 4) 


symbol Conditions | Min | typ | Max _| 
Vin High LevelinputVottage | | 2 | | 
Vi LowLevelinputVottage | 


High Level Output Voltage Vin = Vin or Vit, 
lout = —20mA 
Low Level Output “Vin = Vin or Vit, 
Voltage louT = 20 mA 
VT Differential Output RL = 1009 3.4 
Voltage (Note 5) , 


IVz| — [VFI Difference In R_ = 1000 
Differential Output (Note 5) 
Vos Common Mode RL = 1002 . 
Output Voltage (Note 5) 
Vos — Vos Difference In Ry = 1002 re 
Common Mode Output (Note 5) : 
TIN Input Current Vin = Voc, GND, Vin; OF ViL pe aoe | 


loc Quiescent Supply louT = 0 BA, 
Current Vin = Voc or GND 
Vin = 2.4V or 0.5V (Note 6) : mA 


loz TRI-STATE Output Vout = Voc or GND 
Leakage Current ENABLE = Vi, : +5, pA 
ENABLE = Viy 


Isc Output Short Vin = Voc or GND — 150 A 
Circuit Current (Notes 5, 7) 
lorF Output Leakage Current | Voc=0v | Vour=ev | | _—|_—t00 | a 


Note 1: Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified, all voltages are referenced to ground. All currents into device pins are positive, all currents out of device pins are negative. 


Note 3: Ratings apply to ambient temperature at 25°C. Above this temperature derate N package at 13.89 mW/°C, J package 16.13 mW/°C and M package 
9.80 mW/°C, 


Note 4: Unless otherwise specified, min/max limits apply across the — 40°C to 85°C temperature range. All typicals are given for Vo¢g = 5V and Ta = 25°C. 
Note 5: See EIA Specification RS-422 for exact test conditions. 

Note 6: Measured per input. All other inputs at Voc or GND. 

Note 7: This is the current sourced when a high output is shorted to ground. Only one output at a time should be shorted. 
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Switching Characteristics Voc = 5V +10%, t, < 6ns, ty < 6 ns (Figures 1, 2, 3and 4 (Note 4) 


Symbol Conditions eet Units 


tpLH, tpHL Propagation Delays $1 Open 
eo eed to Output 


Skew | (Notes) id 8) $1 | s1Open | 


trey tTHL Differential Output Rise $1 Open 
And rc ane Times 


tpzH ees eneTin® Enable Time S1 | stClosed —_| 


te. | OutputEnableTime | __$1 Closed eee ae 


tpHz Output Disable Time $1 Closed 
(Note 9) 

tpLz Output Disable Time $1 Closed 7 41 
(Note 9) 

Cpp Power Dissipation pF ; 
Capacitance ime 10) 


Cin Input | InputCapacitance | pF 


Note 8: Skew is defined as the difference in propagation eae between complementary outputs at el eee point. 
Note 9: Output disable time is the delay from ENABLE or ENABLE being switched to the output transistors turning off. The actual disable times are less than 
indicated due to the delay added by the RC time constant of the load. 


Note 10: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f + loc Vcc, and the no load dynamic current consumption, 
Ig = Cpp Vect + Ico. 


Comparison Table of Switching Characteristics into “LS-Type” Load 
Vcc = 5V, Ta = 25°C, t, < 6 ns, ty < 6 ns (Figures 2, 4, 5 and 6) (Note 11) 


Typ_| Max | typ | Max 


tpLH, tPHL Propagation Delays C, = 30 pF 
Input to Output $1 Closed 10 15 
$2 Closed 


(Note 8) C, = 30 pF 
$1 Closed 
S2 Closed 


tTHL tTLH Differential Output Rise C. = 30 pF 
and Fall Times $1 Closed 
S2 Closed 


tpLz Output Disable Time C, = 10 pF 
(Note 9) Si Closed 
$2 Open 


tpHz Output Disable Time C, = 10 pF 
(Note 9) S1 Open 
$2 Closed 


Output Enable Time CL = 30 pF 
S1 Closed 
$2 Open 


Output Enable Time C_ = 30 pF 
S1 Open 
S2 Closed 


Note 11: This table is provided for comparison purposes only. The values in this table for the DS26C31 reflect the performance of the device but are not tested or 
guaranteed. 
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DS26C31C 


Logic Diagram 


ENABLE ENABLE INPUT D INPUT C INPUT B INPUT A 
O 


’ 


O O O O O O 
GND Vcc QUTPUT OUTPUT OUTPUT OUTPUT QUTPUT OUTPUT OUTPUT OUTPUT 


c2 B2 BI A2 Al 
m a TL/F/8574-2 


AC Test Circuit and Switching Time Waveforms 


TL/F/8574-3 


Note: C1 = C2 = C3 = 40 pF (Including Probe and Jig Capacitance), R1 = R2 = 50, R3 = 500N. 
FIGURE 1. AC Test Circuit 


3.0V 


: ENABLE INPUT 
f=1MHz,t. Ss 6ns, = 
is 6ns . f=1 MHz, tps 6ns, 
ty 6ns 
0.0V 
ENABLE Input High 
1.5V 


Yo. 
OUTPUT 


TL/F/8574-4 
FIGURE 2. Propagation Delays 
TL/F/8574-5 
; FIGURE 3. Enable and Disable Times 


Test 
Point 


From Output 
Under Test 


C, (Includes 
OUTPUT Probe and Ji 
9 
(DIFFERENTIAL) Capacitance) | 


tH Ut TL/F/8574-6 
TL/F/8574-7 FIGURE 5. Load AC Test Circuit for “LS-Type” Load 
Input pulse; f = 1 MHz, 50%; t, < 6 ns, ts < 6ns 
FIGURE 4. Differential Rise and Fall Times 
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AC Test Circuit and Switching Time Waveforms (Continued) 


3.0V 
ENABLE INPUT 
f=1 MHz, t, 3 6ns, 
ty s6ns 
0.0V 
ENABLE Input High 


Voc 


TL/F/8574-8 
FIGURE 6. Enable and Disable Times for “LS-Type” Load 


Typical Applications 


Two-Wire Balanced System, RS-422 


DATA 
DATA O OUTPUT 


1/4 D26C31 1/4 D26C32A 


TL/F/8574-9 
*Rr is optional although highly recommended to reduce reflection. 
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DS26C31C 


Typical Performance Characteristics 


Differential Propagation Delay Differential Propagation Delay 
vs Temperature vs Power Supply Voltage 


5.00 
Voc=POWER SUPPLY VOLTAGE-V 


tPLHD, tPHLD-DIFFERENTIAL PROPAGATION DELAY=ns 
tPLHD, tPHLD~DIFFERENTIAL PROPRAGATION DELAY=ns 


Ty TEMPERATURE=C 


Differential Skew vs Power Differential Transition Time 
Supply Voltage vs Temperature 


*SKD-DIFFERENTIAL SKEW=ns 
tTLH, tTHL-TRANSITION TIME=ns 


-15 
Voco™POWER SUPPLY VOLTAGE=V : Tg  TEMPERATURE=C 


Complementary Skew vs Complementary Skew vs 
Temperature Power Supply Voltage 
15 





tSK=COMPLEMENTARY SKEW=ns 
tSK-COMPLEMENTARY SKEW=ns 


0 
“40 -15 10 % 60 8 450 475 5.00 523 550 


Ty~ TEMPERATURE-C Voc=POWER SUPPLY VOLTAGE=V 


Differential Output Voltage Output High Voltage vs 
vs Output Current Output High Current 














Vop~DIFFERENTIAL OUTPUT VOLTAGE=V 
VoyTOUTPUT HIGH VOLTAGE=V 


Io OUTPUT CURRENT=mA IPOUTPUT HIGH CURRENT-mA 
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{SKD=DIFFERENTIAL SKEW=ns 


tTLH, tTHL=TRANSITION TIME=ns 


Vop7 DIFFERENTIAL OUTPUT VOLTAGE=V 


Voy" OUTPUT HIGH VOLTAGE-V 


Differential Skew vs 
Temperature 





“0 "15 10 3 6 8 
Tyr TEMPERATURE=C 


Differential Transition Time 
vs Power Supply Voltage 


Voc™POWER SUPPLY VOLTAGE=V 


Differential Output Voltage 
vs Output Current 





[p~ OUTPUT CURRENT=mA 


Output High Voltage vs 
Output High Current 








Igy~OUTPUT HIGH CURRENT-mA 
TL/F/8574-10 





Typical Performance Characteristics (Continued) 


OFED92SA 














Output Low Voltage vs Output Low Voltage vs Supply Current 
Output Low Current Output Low Current vs Temperature 
7 7 
g g i 
3 : 5 
5 5 = 
5 5 z 
? ? 8 
2 3 
Ip:~OUTPUT LOW CURRENT—mA lg "OUTPUT LOW CURRENT-mA Ty" TEMPERATURE=C 
Supply Current vs No Load Supply Current Loaded Supply Current 
Power Supply Voltage vs Data Rate vs Data Rate 
20 160 
i i 
i 8 15 ge 
g 8 a 
3 z 10 = 
a A 130 
E z : 
8 2 . S 120 
t a 
8 3 
0 110 
450 475 500 525 550 1 10 100 1k 10k 100k 1 10 100 1k {10k 100k 
VogPOWER SUPPLY VOLTAGE=V DATA RATE=kBaud DATA RATE-kBaud 
Output Short Circuit Current Output Short Circuit Current 
vs Temperature vs Power Supply Voltage 
r E130 
0 0 
g g 
s s 
bal E120 
3 3 
So t=] 
&§ E 
a 5 10 
5 5 
5 5 
z 4 
2 4 8 100 
mi aa 4.50 4.75 5.00 5.25 5.50 
Ty* TEMPERATURE=C Voc ~POWER SUPPLY VOLTAGE=V 


TL/F/8574-11 
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DS26F31C/DS26F31M 


Za National 


Semiconductor 
DS26F31C/DS26F31M 


Quad High Speed Differential Line Driver 


General Description 


The DS26F31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS26F31 
meets all the requirements of EIA Standard RS-422 and 
Federal Standard 1020. It is designed to provide unipolar 
differential drive to twisted-pair or parallel-wire transmission 
lines. 

The DS26F31 offers improved performance due to the use 
of state-of-the-art L-FAST bipolar technology. The L-FAST 
technology allows for higher speeds and lower currents by 
utilizing extremely short gate delay times. Thus, the 
DS26F31 features lower power, extended temperature 
range, and improved specifications. 

The circuit provides an enable and disable function common 
to all four drivers. The DS26F31C/DS26F31M features TRI- 
STATE® outputs and logical OR-ed complementary enable 
inputs. The inputs are all LS compatible and are all one unit 
load, 

The DS26F31C/DS26F31M offers optimum performance 
when used with the DS26F32 Quad Differential Line 
Receiver. 


Connection and Logic Diagrams 
16-Lead Dual-In-Line Package 


OUT Df 

OUT D2 

ENABLE 

OUT C2 

OUT Ct 

INC 
TL/F/9614~1 


Top View 


Order Number DS26F31CJ or DS26F31MJ 
See NS Package Number J16A 


Features 

m Military temperature range 

m Output skew—2.0 ns typical 

@ Input to output delay—10 ns 

m@ Operation from single +5.0V supply 

™ 16-lead ceramic DIP Package 

m@ Outputs won't load line when Voc = OV 

@ Output short circuit protection 

m Meets the requirements of EIA standard RS-422 


‘m High output drive capability for 1009 terminated 


transmission lines ; 


INPUT INPUT INPUT INPUT 


ENABLE ENABLE OD C B A 


GND Voc D1 D2 C1C2 B1 B2 A1 A2 


OUTPUTS 
TL/F/9614~2 
FIGURE 1. Logic Symbol 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Storage Temperature Range 
Ceramic DIP 


Lead Temperature 
Ceramic DIP (Soldering, 60 sec.) 


Maximum Power Dissipation*® at 25°C 
Cavity Package 


Supply Voltage 
Input Voltage 


Output Voltage 
*Derate cavity package 10 mW/°C above 25°C. 


—65°C to + 175°C 


300°C 


1500 mW 
7.0V 
7.0V 
5.5V 


Operating Range 
DS26F31C 

Temperature 

Supply Voltage 
DS26F31M 

Temperature 

Supply Voltage 


o°C to + 70°C 
4.75V to 5.25V 


—55°C to + 125°C 
4.5V to 5.5V 


Electrical Characteristics over operating range, unless otherwise specified (Notes 2 & 3) 


Parameter 
Output Voltage HIGH 
Output Voltage LOW 
Input Voltage HIGH 
Input Voltage LOW 
Input Current LOW 
Input Current HIGH 
Input Reverse Current 


Off State (High Impedance) 
Output Current 


Symbol 
Vou 
Voi 
Vin Vcc = Min 


Voc = Max 


Voc = Max 


Input Clamp Voltage 
Output Short Circuit 
Supply Current 


Vcc = Max, V; 
Voc = Max, V; = 7.0V 


Conditlons 


Voc = Min, lo. = 


Voc = Min, log = —20 mA 
20 mA 


Vcc = Max, Vi = 0.4V 
= 2.7V 


Vo = 2.5V 
Vo = 0.5V 


Voc = Min, | = -—18mA 
Voc = Max (Note 4) 
Voc = Max, All Outputs Disabled 


: Voc = Max, All Outputs Enabled 


Input to Output 
Input to Output 
Output to Output 
Enable to Output 


CL = 10 pF 


Enable to Output 
C_ = 10 pF 


Enable to Output 


Enable to Output 


Voc = 5.0V, Ta = 25°C, 
Load = Note5 
Voc = 5.0V, Ta = 25°C, 
Load = Note 5 


Voc = 5.0V, Ta = 28°C, 
Load = Note 5 


Voc = 5.0V, Ta = 26°C, 
Load = Note 5 


Voc = 5.0V, Ta = 25°C, 
Load = Note 5 


Voc = 5.0V, Ta = 25°C, 


Voc = 5.0V, Ta = 25°C, 


ns 


ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS26F31M and across the O°C to + 70°C range 


for the DS26F31C. All typicals are given for Vo¢g = 5V and Ta = 25°C. 


Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 


specified. 
Note 4: Only one output at a time should be shorted. 


Note 5: C_ = 30 pF, Vj = 1.3V to Vo = 1.3V, Veutse = OV to +3V (See AC Load Test Circuit for TRISTATE Outputs). 
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DS26F31C/DS26F31M 


Test Circuit and Timing Waveforms 


TEST 


FROM OUTPUT 
UNDER TEST 


TL/F/9614-3 
FIGURE 2. AC Load Test Circuit for TRI-STATE Outputs 


ENABLE DISABLE 


ENABLE 
INPUT 


OUTPUT 
NORMALLY 
LOW 


OUTPUT 
"NORMALLY | 


ei m1 .5V 


y : TL/F/9614-5 
FIGURE 4. Enable and Disable Times (Notes 2 and 3) 


Typical Application 
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INPUT 
TRANSITION 


OUT 


TL/F/9614-4 
FIGURE 3. Propagation Delay (Notes 1 and 3) 


Note 1: Diagram shown for Enable Low. Switches S1 and S2 open. 
Note 2: S1 and S2 of Load Circuit are closed except where shown. 


Note 3: Pulse Generator for all Pulses: Rate < 1.0 MHz, Zg = 500, t, < 
6.0 ns, t; < 6.0 ns. 


Note 4: C, includes probe and jig capacitance. 


1/4 DS26F32 
R DATA 
T OUT 


| 1/4 DS26F32 


FIGURE 5. Typical Application 


TL/F/9614-6 





ZA National 


Semiconductor 


DS26LS31C/DS26LS31M Quad High 
Speed Differential Line Driver 


General Description 


The DS26LS31 is a quad differential line driver designed for 
digital data transmission over balanced lines. The 
DS26LS31 meets all the requirements of EIA Standard 
RS-422 and Federal Standard 1020. It is designed to pro- 
vide unipolar differential drive to twisted-pair or parallel-wire 
transmission lines. 

The circuit provides an enable and disable function common 
to all four drivers. The DS26LS31 features TRI-STATE® 
outputs and logically ANDed complementary outputs. The 
inputs are all LS compatible and are all one unit load. 


Logic and Connection Diagrams 


ENABLE ENABLE INPUT D 


Veg «OUTPUT 
: D2 pt c2 


INPUT C 


OUTPUT OUTPUT OUTPUT OUTPUT 


Features 

m= Output skew—2.0 ns typical 

m Input to output delay—10 ns typical 

m@ Operation from single 5V supply 

Outputs won't load line when Voc = OV 

m@ Four line drivers in one package for maximum package 
density 

m@ Output short-circuit protection 

m Complementary outputs 

m Meets the requirements of EIA Standard RS-42 

m Pin compatible with AM26LS31 

m Available in military and commercial temperature range 


INPUT B INPUT A 


OUTPUT OUTPUT OUTPUT 
C1 B2 BI A2 Al 
TL/F/5778-1 


Dual-in-Line Package 


CHANNELA 
OUTPUTS 


ENABLE 


CHANNEL B 
OUTPUTS 


INPUT D 


CHANNEL D 
OUTPUTS 


CHANNEL C 
OUTPUTS 


TL/F/5778-2 


Top View 
Order Number DS26LS31CJ, DS26LS31CM, 
DS26LS31CN or DS26LS31MJ 
See NS Package Number J16A, M16A or N16A 
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WLEST9ZSG/DLES192SG 


Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Operating Conditions 
Min 
Supply Voltage, Voc 
DS26LS31M 4.5 


DS26LS31C/DS26LS31M 


DS26LS31 4.75 
Temperature, Ta 

DS26LS31M —55 

DS26LS31 0 


Supply Voltage 7V 
Input Voltage 7V 
Output Voltage 5.5V 
Output Voltage (Power OFF) —0.25 to 6V 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Moided DIP Package 1476 mW 
SO Package 1051 mW 


*Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack- 
age 11.9 mW/°C above 25°C; derate SO package 8.41 mW/°C above 
25°C. 


1509 mW 


Electrical Characteristics (Notes 2,3 and 4) 


Conditions 
lon = —20mA — 
lol = 20 mA 


| Min | typ 
a en 
Dees eae 
aca ee ee 
aa en ees eee 
ee OS 
ie eee 
ae ae 
en ae 
a ae 


Parameter 
Output High Voltage 
Output Low Voltage 


Symbol 

Vou 

Vou 

ViH Input High Voltage 
Input Low Voltage 


| InputGlamp Voltage | iv= =t8maA | |= 
| Output Short-circutCurent_ | | 80 


Power Supply Current All Outputs Disabled 
or Active 


Switching Characteristics voc = 5v, T, = 25°C 


Parameter Conditions 


| Min | typ | Max | 

C= 90 pF eens SS ee ee 
| inputtoOutput | G=aopr | | tT ts 
| Outputtooutut | c=sopF | || 
Enable to Output CL = 10 pF, S2 Open ae ee 
C.=10pF,S1Open | | ts | 
G.=30pF,S20pen | | 20 | 
| Enableto Output | C.=s0pF.stOpen | | 20 | a0 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS726LS31M and across the 0°C to + 70°C 
range for the DS26LS31. All typicals are given for Voc = 5V and Ta = 25°C. ; 


Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 


Input Low Current 

Input High Current 

Input Reverse Current 
TRI-STATE Output Current 


| 
° 
oS 
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AC Test Circuit and Switching Time Waveforms 


TEST 
POINT 


FROM OUTPUT 
UNDER TEST 


Cy (INCLUDES 
PROBE AND JIG 
CAPACITANCE) 


WLEST92SG/DLES192S4 


Note: S1 and S2 of load circuit are closed except where shown. 


FIGURE 1. AC Test Circuit 


TL/F/5778-3 


3y ——_——_- ENABLE DISABLE 
ENABLE INPUT 


ov 


OUTPUT 
OUTPUT 
$2 OPEN 

Vot 

OUTPUT ‘ VoH 
OUTPUT 
‘PHL ‘PLH $1 OPEN 


TL/F/5778-4 


f = 1 MHz, t, < 15ns, ts < 6ns 
FIGURE 2. Propagation Delays 


TL/F/5778-5 
f = 1 MHz, t,; < 15 ns, t; < 6ns 


FIGURE 3. Enable and Disable Times 


Typical Applications 





Two-Wire Balanced System, RS-422 


1/4 DS26LS32 


DATA 
OUTPUT 


TL/F/5778-6 
*Rr is optional although highly recommended to reduce reflection. 
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DS26C32AC/DS26C32AM 


ZA National 


miconductor 


DS26C32AC/DS26C32AM 
Quad Differential Line Receiver 


General Description ts Features 


The DS26C32A is a quad differential line receiver designed ™ CMOS design for 10W power 

to meet the RS-422, RS-423, and Federal Standards 1020 mm +0.2V sensitivity over input common mode voltage 
and 1030 for balanced and unbalanced digital data trans- range 

mission, while retaining the low power characteristics of Typical propagation delays: 19 ns 

CMOS. Typical input hysteresis: 60 mV 

The DS26C32A has an input sensitivity of 200 mV over the Input fail-safe circuitry 

common mode input voltage range of +7V. Each receiver is Inputs won't load line when Voc = OV 

also equipped with input fail-safe circuitry, which causes the Meets the requirements of EIA standard RS-422 
output to go to a logic “1” state when the inputs are open. TRI-STATE outputs for connection to system buses 
The DS26C32A provides an enable and disable function Available in Surface Mount . 

common to all four receivers, and features TRI-STATE® : 

outputs with 6 mA source and sink capability. This product is 

pin compatible with the DS26LS32A and the AM26LS32. 


Logic Diagram 


ENABLE ENABLE IND2 IND? INC2 INC? INB2 IN B1 INA2 INAt 
O O 


O O O O 
GND Vec OUTPUT D OUTPUT C OUTPUT B QUTPUTA . 
TL/F/8764-1 


Connection Diagram ‘Truth Table 
Dual-In-Line Package’ ENABLE 


ae eee 

ee ee ee 

INPUTS A See 
{ | , ee 
ra 


Note Below | Vip < VtH (Min) 


oureur | , | Open | 


Hi-Z = TRI-STATE 
Note: Input conditions may be any combination not defined for ENABLE and 
QUTPUT C ENABLE. 





ENABLE 


INPUTS C | 


TL/F/8764~2 
Top View 


Order Number DS26C32ACu, 
DS26C32ACM, DS26C32ACN or DS26C32AMJ 
See NS Package J16A, M16A or N16A 
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Absolute Maximum Ratings (notes 1 & 2) 


If Milltary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 


Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) 

Common Mode Range (Vc) 
Differential Input Voltage (VpiFF) 
Enable Input Voltage (Vij) 

Storage Temperature Range (Tstg) 
Lead Temperature (Soldering 4 sec.) 


Maximum Power Dissipation at 25°C (Note 5) 
Ceramic “J” Pkg. 
Plastic “N” Pkg. | 


7V 
+14V 
+14V 
7V 


—65°C to + 150°C 


260°C 


2308 mW 
1645 mW 


SOIC Pkg. 1190 mW 


Maximum Current Per Output +25mA 
This device does not meet 2000V ESD rating. (Note 4) 


Operating Conditions 


Units 

Supply Voltage (Vcc) 

Operating Temperature Range (Ta) °C 
DS26C32AC °C 
DS26C32AM °C 

Enable Input Rise or Fall Times ns 


DC Electrical Characteristics Vec = 5V £10% (unless otherwise specified) (Note 3) 


Symbol Parameter 


Minimum Differential 
Input Voltage 


VTH Vout = Vou or 


Rin Input Resistance 


lin Input Current 
(Under Test) 


Minimum High Level 
. Output Voltage 


VOoH 


Maximum Low Level 
Output Voltage 


Minimum Enable High 
Input Level Voltage 


VoL 
louT = 6.0 mA 


Vi 


VIL Maximum Enable Low 


Input Level Voltage 
Maximum TRI-STATE 


Output Leakage Current 


ENABLE = Vi, 
ENABLE = Vip 





VoL 


—-7V <Vom < +7V 
—7V <Vom < +7V 
(One Input AC GND) 
Vin = +10V, Other Input = GND 


Vin = —10V, Other Input = GND 


Voc = Min, Voipe = +1V 
louT = —6.0 mA : 


Vout = Vcc or GND, 


Conditions 


Vcc = Max, VpirF = + 1V 


; °° 
0 


Maximum Enable Input Vin = Voc or GND +41 
Current ‘ 


Quiescent Power Voc = Max, 
Supply Current Volpe = +1V 


Input Hysteresis Vom = OV 
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DS26C32AC/DS26C32AM 


AC Electrical Characteristics Voc = BV +10% (Note 3) 


Conditions es Se 


Propagation Delay 
Input to Output 


Output Rise and 
Fall Times 


Propagation Delay CL = 50 pF 
ENABLE to Output R;, = 10002 
VbIFF = 2.5V 


Propagation Delay Cy = 50 pF 
ENABLE to Output R,_ = 10000 
VDIFF = 2.5V 


Note 1: Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Unless otherwise specified, all voltages are referenced to ground. 


Note 3: Unless otherwise specified, Min/Max limits apply across the operating temperature range. All typicals are given for Voc = 5V and Ta = 25°C. 
Note 4: For additional details on ESD, contact National Semiconductor Interface Marketing. 
Note 5: Ratings apply to ambient temperature at 25°C. Above this temperature derate N Package 13.16 mW/°C, J Package 15.38 mW/°C and M Package 


9.52 mW/°C. 


Comparison Table of Switching Characteristics into “LS-Type” Load 


(Figures 4, 5, and 6) (Note 6) 


DS26LS32A 


| pszeca2a 
Parameter 
seo Reel es Pa 


19 


ENABLE to Output CL = 5pF 13 
13 


Note 6: This table is provided for comparison purposes only. The values in this table for the DS26C32A reflect the performance of the device, but are not tested or 
guaranteed. 


Test and Switching Waveforms 


trALL 


*PHL fe 
V= INPUT 


V+ INPUT = OV erento 
REFERENCE za, 


TL/F/8764-3 
FIGURE 1. Propagation Delay 
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V+ INPUTO 
V= INPUTO 


TL/F/8764-4 
C, includes load and test jig capacitance. 
S$; = Voc for tpz_, and tp_z measurements. 


S$; = Gnd for tpzy and tpyz measurements. 
FIGURE 2. Test Circuit for TRI-STATE Output Tests 





Test and Switching Waveforms (continued) 


OUTPUT 
CONTROL 
(LOW ENABLING) 


OUTPUT 


WV2ED9¢S0/DVcED9ZSG 


OUTPUT 


; TL/F/8764-5 
FIGURE 3. TRI-STATE Output Enable and Disable Waveforms 


AC Test Circuit and Switching Time Waveforms 


TEST 
POINT 


FROM OUTPUT 


UNDER TEST Vou 


OUTPUT 
VoL 
ALL DIODES 

Cy INCLUDES 1N916 OR 2.5V 
PROBE AND JIG 1N3064 OPPOSITE PHASE 
CAPACITANCE INPUT TRANSITION 

-2.5V 

TL/F/8764-7 
FIGURE 5. Propagation Delay 


= for “LS-Type” Load (Notes 7, 9) 
TL/F/8764-6 
FIGURE 4. Load Test Circuit for TRI-STATE 


Outputs for “LS-Type” Load 


ENABLE 
INPUT 





output ~4:5V 
NORMALLY 
LOW VoL 


output YOu 
NORMALLY 
HIGH 
TL/F/8764-8 


FIGURE 6. Enable and Disable Times for “LS-Type” Load (Notes 8, 9 
Note 7: Diagram shown for ENABLE low. 
Note 8: S1 and S2 of load circuit are closed except where shown. . 
Note 9: Pulse generator for all pulses: Rate < 1.0 MHz; Zo = 50; t, < 15 ns; ty < 6.0 ns. 


Typical Applications 


Two-Wire Balanced Systems, RS-422 


1/4 DS26C32A 


11/4 DS26C31 


TL/F/8764-9 
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DS26C32AC/DS26C32AM 


Typical Performance Characteristics 


Differential Propagation Delay 
vs Temperature 


“15 «10 


Differential Propagation Delay 
vs Power Supply Voltage 


Differential Skew vs 
Temperature 


2.00 


“15 = 10 35 0 


terup» tpuip 7 DIFFERENTIAL PROPAGATION DELAY ~ ns 
totup: tpyyp — DIFFERENTIAL PROPAGATION DELAY = ns 


Tg ~ TEMPERATURE = C Veg * POWER SUPPLY VOLTAGE = V Ty > TEMPERATURE = C 


Output High Voltage vs 
Output High Current 


Output High Voltage vs 
Output High Current 


Differential Skew vs Power 
Supply Voltage 


0c 


ep _| 
Ss 
SS 


Voy ~ OUTPUT HIGH VOLTAGE = V 
Voy ~ OUTPUT HIGH VOLTAGE - V 


450 5.00 525 550 


Yoo = POWER SUPPLY VOLTAGE = V loy = OUTPUT HIGH CURRENT = mA 


loy = OUTPUT HIGH VOLTAGE = mA 


Input Resistance vs 
input Voltage 
72 


Output Low Voitage vs 
Output Low Current 


Output Low Voltage vs 
Output Low Current 


a 
| eV 
Ae 





Voy ~ OUTPUT LOW VOLTAGE - V 
Vo — OUTPUT LOW VOLTAGE - V 


10.0 =75 50-25 0.0 25 50 75 100 


lo, = OUTPUT LOW CURRENT ~ mA Ip_ ~* OUTPUT LOW CURRENT =~ mA Vin = INPUT VOLTAGE = V 


Hysteresis & Differential 
Transition Voltage vs 
Power Supply Voltage 


Hysteresis & Differential 
Transition Voltage vs 
Temperature 


Input Current vs Power 
Supply Voltage 


lin @ #10Y Inverting Pin 
aenceees 


ee 


lin @ #10V Non Inverting Pin 


Es cl In © OV Inverting Pin 


{in © OV Non Inverting Pin 


lin @ =10V Inverting Pin 


Igy — INPUT CURRENT = mA 


Vay» Vi» Vy ~ TRANSITION VOLTAGE - m¥ 
Vg Yau» Vay 7 TRANSMION VOLTAGE = mY 





5.00 550 
Voc = POWER SUPPLY VOLTAGE = V 


Voc = POWER SUPPLY VOLTAGE = V 


TL/F/8764-10 
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Typical Performance Characteristics (continued) 


tog = SUPPLY CURRENT = mA 


Supply Current vs 


Temperature 
8 





“40 -15 10 35 60 
Ty = TEMPERATURE = C 


log SUPPLY CURRENT - mA 


Disabled Supply Current vs 
Power Supply Voltage 
18 


450475 5.00 525 550 
Vog = POWER SUPPLY VOLTAGE = V 
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log — SUPPLY CURRENT - mA 


Supply Current vs 


Data Rate 
45 


PP 
ae es ee 
ee ee 2 
jj iminel 
Saoee 


A 


————— No Load 


100 000 10000 100000 
DATA RATE = kBaud 


TL/F/8764-11 
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DS26F32C/DS26F32M 


Za National 


Semiconductor 


DS26F32C/DS26F32M 
Quad Differential Line Receiver 


General Description 

The DS26F32 is a quad differential line receiver designed to 
meet the requirements of EIA Standards RS-422 and RS- 
423, and Federal Standards 1020 and 1030 for balanced 
and unbalanced digital data transmission. 

The DS26F32 offers improved performance due to the use 
of state-of-the-art L-FAST bipolar technology. The L-FAST 
technology allows for higher speeds and lower currents by 
utilizing extremely short gate delay times. Thus, the 
DS26F32 features lower power, extended temperature 
range, and improved specifications. 

The device features an input sensitivity of 200 mV over the 
input common mode range of +7.0V. The DS26F32 pro- 
vides an enable function common to all four receivers and 
TRI-STATE® outputs with 8.0 mA sink capability. Also, a 
fail-safe input/output relationship keeps the outputs high 
when the inputs are open. 

The DS26F32 offers optimum performance when used with 
the DS26F31 Quad Differential Line Driver. 


Connection Diagram 
16-Lead DIP 


ENABLE 


-IN D 


TL/F/9615-1 
Top View 


Features 


Military temperature range 

Input voltage range of +7.0V (differential or common 
mode) +0.2V sensitivity over the input voltage range 
Meets all the requirements of EIA standards RS-422 
and RS-423 

High input impedance (18k typical) 

30 mV input hysteresis 

Operation from single +5.0V supply 

Input pull-down resistor prevents output oscillation on 
unused channels 

TRI-STATE outputs, with choice of complementary en- 
ables, for receiving directly onto a data bus 

Propagation delay 15 ns typical 


Function Table (Each Receiver) 


Differential Inputs 
Vip = (Vint) — (Vin-) 


Vip = 0.2V 


Vip < —0.2V 





H = High Level 
L = Low Level 
X = Immaterial 
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Order Number DS26F32CJ or DS26F32MJ 
See NS Package Number J16A 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Common Mode Voltage Range 
please contact the National Semiconductor Sales Differential Input Voltage 
Office/Distributors for availability and specifications. 


Storage Temperature Range 
Ceramic DIP —65°C to + 175°C 


Operating Temperature Range . 
DS26F32M -sscto+tasc Operating Range 


DS26F32C - 0°C to + 70°C DS26F32C ; 
Temperature 0o°C to + 70°C 


Lead Temperature 
4.75V to 5.25V 
Ceramic DIP (soldering, 60 sec) 300°C supply Voltage rae 
DS26F32M 


Maximum Power Dissipation* at 25°C Temperature —55°C to + 125°C 


Cavity Package 1500 mW Supply Voltage 4.5V to 5.5V 
Supply Voltage 7.0V : ; 
*Derate cavity package 10 mW/°C above 25°C. 


Enable Voltage 
Output Sink Current 


Electrical Characteristics over operating range, unless otherwise specified (Notes 2 and 3) 


symbol | Parameter | Gonditions, 


VTH Differential Input Voltage —7.0V < Vom < +7.0V, 02 
Vo = Voi or Vou 7 = 
Input Resistance —-15V < Voy < +15V, 14 
One Input AC Ground 
Input Current (under Test) V) = +15V, 
Other Input —15V < V; < +15V 
Vy = —15V, 
Other Input -15V < V; < +15V 
Output Voltage HIGH Vcc = Min, 0°C to +70°C 
AV; = +1.0V, 
: VENABLE = 0.8V, | _ 55°C to +125°C 
lon = —440 pA 


Output Voitage LOW Voc = Min, lo. = 4.0 mA 
Suis ye lo. = 8.0 mA 
VENABLE = 0.8V 

Enable Voltage LOW 


EnableVoltageHIGH | 
Enable Clamp Voltage Voc = Min, || = —18mA 


Off State (High Impedance) Voc = Max Vo = 2.4V 
Enable Current LOW V; = 0.4V 


Enable Current HIGH Vi = 2.7V 
Enable Input High Current V,; = 5.5V 


Output Short Circuit Current | Vo = OV, Voc = Max, (Note 4) Pe: 
AV, = +1.0V 


Supply Current Voc = Max, All V; = GND, 
Outputs Disabled 


Vuyst Input Hysteresis Ta = 25°C, Voco = 5.0V, Vom = OV 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS26F32M and across the 0°C to + 70°C range 
for the DS26F32C. All typicals are given for Voc = 5V and Ta = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 


Typ 
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DS26F32C/DS26F32M 


Switching Characteristics voc = 5.0v, Ta = 25°C 


Parameter - Conditions 
Input to Output Figure 3 : a =1 . pF 
Input to Output ! ae 
Enable to Output : 
Enable to Output Figure'4 
Enable to Output ; 


"Enable to Output 


. INPUTS 
ENABLE ENABLE D2. «Ot c2 «(C4 B2 BI A2 Al 


OUTPUT OUTPUT OUTPUT 
D c B 


ui TL/F/9615~2 
FIGURE 1. Logic Symbol 


FROM OUTPUT 
UNDER TEST 

OPPOSITE 

ch PHASE 


; : INPUT ea ee 
(NOTE 5) TRANSINON oy 
TL/F/9615-4 


ae eat e TL/F/9615-3 
FIGURE 2. Load Test Circuit for Three-State Outputs FIGURE 3. Propagation Delay (Notes 1, 2 and 3) 


ENABLE 
_ INPUT. \ , . Note 1: Diagram shown for ENABLE Low. . 
. Note 2: S1 and S2 of Load Circuit are closed except where shown. 
OUTPUT Note 3: Pulse Generator of ali Pulses: Rate < 1.0 MHz, Zo = 509, t, < 
NORMALLY 6.0 ns, ty < 6.0 ns. ‘ 
tow Note 4: All diodes are IN916 or IN3064.-, 
; Note 5: C, includes probe and jig capacitance. 
OUTPUT Be ™ 


NORMALLY 
¥ HIGH 


TL/F/9615-5 
FIGURE 4. Enable and Disable Times (Notes 1, 2 and 3) 
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Typical Application 


1/4 DS26F31 1/4 DS26F32 


DATA 
OUT 


1/4 0S26F32 1/4 DS26F32 


WeE492S0/92E492S0 


. TLIF/9615-6 
FIGURE 5 
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DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/DS26LS33M/DS26LS33AC 


Ga National 


Semiconductor 


DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/ 
DS26LS33M/DS26LS33AC Quad Differential Line 
Receivers | 


General Description 

The DS26LS32 and DS26LS32A are quad differential line 
receivers designed to meet the RS-422, RS-423 and Feder- 
al Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission. 

The DS26LS32 and DS26LS32A have an input sensitivity of 
200 mV over the input voltage range of +7V and the 
DS26LS33 and DS26LS33A have an input sensitivity of 
500 mV over the input voltage range of +15V. 

Both the DS26LS32A and DS26LS33A differ in function 
from the popular DS26LS32 and DS26LS33 in that input 
pull-up and pull-down resistors are included which prevent 
output oscillation on unused channels. 

Each version provides an enable and disable function com- 
mon to all four receivers and features TRI-STATE® outputs 
with 8 mA sink capability. Constructed using low power 
Schottky processing, these devices are available over the 
full military and commerical operating temperature ranges. 


Logic Diagram 


ENABLE IND2 IND1 
O O O 


U 
Vec OUTPUT D 


Connection Diagram 


Dual-In-Line Package 


INPUTS ‘| 


INPUTS B 
OUTPUT A 

ENABLE OUTPUT B 
OUTPUT C 


OUTPUT OD 
INPUTS C 


INPUTS D 





TL/F/5255-2 


Top View 


INC2 INCI 
eo e 


O 
OUTPUT C 


Features 

@ High differential or common-mode input voltage ranges 
of +7V on the DS26LS32 and DS26LS32A and +15V 
on the DS26LS33 and DS26LS33A 
+0.2V sensitivity over the input voltage range on the 
DS26LS32 and DS26LS32A, +0.5V sensitivity on the 
DS26LS33 and DS26LS33A 
DS26LS32 and DS26LS32A meet all requirements of 
RS-422 and RS-423 
6k minimum input impedance 
100 mV input hysteresis on the DS26LS32 and 
DS26LS32A, 200 mV on the DS26LS33 and 
DS26LS33A 
Operation from a single 5V supply 
TRI-STATE outputs, with choice of complementary out- 
put enables for receiving directly onto a data bus 


INB2 INBt INA2 INAI 
e e ° eo 


O O 
OUTPUT B OUTPUT A 


TL/F/5255-1 


Truth Table 


[ENABLE | ENABLE | Input | Output | 
eae ae ae ae ae 


See 
Note Below 


Vip = VtH (Max) 
Vio VrH(Min) | 0 





HI-Z = TRI-STATE 


Note: Input conditions may be any combination not defined for ENABLE 
and ENABLE. 


Order Number DS26LS32MJ, DS26LS32CJ, 
DS26LS32CM, DS26LS32CN, DS26LS32ACu, 
DS26LS32ACN, DS26LS32ACM, DS26LS33My, 
DS26LS33CJ, DS26LS33CN, DS26LS33ACJ 
or DS26LS33ACN 
See NS Package Number J16A, M16A or N1i6A 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage 7V 
Common-Mode Range +25V 
Differential Input Voltage +25V 
Enable Voltage 7V 
Output Sink Current 50 mA 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Dip Package 
SO Package DS26LS32 1002 mW 
DS26LS232A 1051 mW 
*Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP package 
10.9 mW/°C above 25°C. 
Derate SO Package 8.01 mW/°C for DS26LS32 
8.41 mW/°C for DS26LS32A 


1433 mW 
1362 mW 


—65°C to + 165°C 
260°C 


Storage Temperature Range 
Lead Temperature (Soldering, 4 seconds) 


Operating Conditions 
Min Max Units 

Supply Voltage, (Vcc) 
DS26LS32M, DS26LS33M 
(MIL) 

DS26LS32C, DS26LS33C 
DS26LS32AC, DS26LS33AC 
(COML) 

Temperature, (Ta) 
DS26LS32M, DS26LS33M 
(MIL) 

DS26LS32C, DS26LS33C 0 
DS26LS32AC, DS26LS33AC 


(COML) 


4.5 5.5 Vv 


4.75 . Vv 


—55 


Electrical Characteristics over the operating temperature range unless otherwise specified (Notes 2, 3 and 4) 


Symbol Parameter 


Differential Input 
Voltage 


VTH 
or VoL 
Input Resistance 


Input Current (Under 
Test) 


VENABLE = 0.8V,loH = —440 pA 


Voi Output Low Voltage 


Vit 
Vin 


Enable Low Voltage 
Enable High Voltage 


Enable Clamp 
Voltage 


OFF-State (High 
Impedance) Output 


Voc = Min, lin = —18mA 


a 
NX 


Current 





Enable Low Current 
Enable High Current 


Output Short-Circuit 
Current 


Vin = 0.4V 


Power Supply 


Current Outputs Disabled 


I Input High Current 


Ta = 25°C, Vcc = 5V, 
Vom = OV 


Vuyst | Input Hysteresis 


Voc = Max, All Vin = GND, 


Conditions 


Vout = Vou | DS26LS32, DS26LS32A, —7V < Voy < +7V : 


DS26LS33, DS26LS33A, —15V < Voy + 15V 
—15V <s Vom < +15V (One Input AC GND) 

Vin = 15V, Other Input —15V < Vin < +15V 

Vin = —15V, Other Input —15V < Vin < +15V 


Voc = Min, AVin = —1V, 
VENABLE = 0.8V 
Voc = Max Vo = 2.4V 


Vin = 2.7V 


Vo = OV, Voc = Max, AVin = 1V 


Vin = 5.5V 


Units 
Vv 
Vv 


H 

Hg 
oD 
N 


H 
o 
tt 
aS 


ed 
“N 


a [a 
ft {Ph 


Commercial 
Military 

lol = 4mA 
8mA 


lo. = 


° » 
> ie) 


| 
=_s 
oi 


pe] 
oOo 


~“ 


Vo = 0.4V 


—15 


DS26LS32, DS26LS32A 
DS26LS33, DS26LS33A 


mA 
pA 
mV 
mV 


DS26LS32, DS26S32A 
DS26LS33, DS26LS33A 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive, all currents out of device pins are shown as negative, all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 


Note 3: All typical values are Voc = 5V, Ta = 25°C. 
Note 4: Only one output at a time should be shorted. 
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DS26LS32C/DS26LS32M/DS26LS32AC/DS26LS33C/DS26LS33M/DS26LS33AC 


Switching Characteristics voc = 5v, Ta = 25°C 


ca ee DS26LS32A/ aac 


Input to Output CL = 15 oe 17 
17 
ENABLE to Output | C_ = 5pF 15 
20 
ENABLE to Output | C_ = 15 pF 15 14 
15 15 


AC Test Circuit and Switching Time Waveforms 


Load Test Circult for TRI-STATE Outputs 


TEST 
POINT 
© 


FROM OUTPUT 


UNDER TEST 

ALL DIODES 
C, INCLUDES 1N916 OR 
PROBE AND JIG 1N3064 
| 


Propagation Delay (Notes 1 and 3) Enable and Disable Times (Notes 2 and 3) 


Vou 
OUTPUT 


Vor 


TL/F/5255~3 


2.5V 
OPPOSITE PHASE NORMALLY 
INPUT TRANSITION Low Vor 


-2.6V ———— 
. TL/F/5255-4 oureur YOH 
Note 1: Diagram shown for ENABLE low. NORMALLY $1 OPEN me ~1,5V 
Note 2: S1 and S2 of load circuit are closed except where shown. HIGH Wy 0.5V 
Note 3: Pulse generator for all pulses: Rate = 1.0 MHz; Zo = 500; t < 6 ns; ty < 6.0 ns. TL/F/5255~5 


Typical Applications 


Two-Wire Balanced Interface—RS-422 


1/4 DS26LS32A 


TL/F/5255-6 


Single Wire with Driver Ground Reference—RS-423 
1/4 DS3691 


1/4 DS26LS32A 


TL/F/5255-7 
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ZA National 


Semiconductor 


DS34C86 
Quad CMOS Differential Line Receiver 


General Description Features 

The DS34C86 is a quad differential line receiver designed to | ™ CMOS design for low power 

meet the RS-422, RS-423, and Federal Standards 1020 and =m +0.2V sensitivity over the input common 

1030 for balanced and unbalanced digital data transmis- mode voltage range , 

sion, while retaining the low power characteristics of CMOS. m Typical propagation delays: 19 ns 

The DS34C86 has an input sensitivity of 200 mV over the  m Typical input hysteresis: 60 mV 

common mode input voltage range of +7V. Hysteresis is ™ Inputs won't load line when Vcc = OV 
provided to improve noise margin and discourage output ™ Meets the requirements of EIA standard RS-422 
instability for slowly changing input waveforms. u TRI-STATE outputs for system bus compatibility 
Separate enable pins allow independent control of receiver g Available in surface mount 

pairs. The TRI-STATE® outputs have 6 mA source and sink 

capability. The DS34C86 is pin compatible with the DS3486. 


Logic Diagram 
INA2 IN At INC2 IN C1 ENABLE ENABLE IN B2 IN B1 IN D2 IN DI 
@ e@ 


s 


GND Vee OUTPUT A OUTPUT C OUTPUT B OUTPUT D 
TL/F/8699-1 


Connection Diagram 
Dual-In-Line Package 


INPUTS A | 


OUTPUT A 


TRI“STATE OUTPUT B 


CONTROL A/C 
/ 12 TRIMSTATE 


ONTROL B/D 
OUTPUT C CONTROE'EA 


OUTPUT D 


INPUTS C | 


INPUTS D 


GND 
TL/F/8699-2 
Top View 


Order Number DS34C86J, DS34C86M, and DS34C86N 
See NS Package Number J16A, M16A and N16A 
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DS34C86 


Absolute Maximum Ratings (notes 1 & 2) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Current Per Output a +25mA 
This device does not meet 2000V ESD rating. (Note 4) 


Supply Voltage (Vcc) 

Input Common Mode Range (Vom) 
Differential Input Voltage (Vp|FF) 
Enable Input Voltage (Vin) 

Storage Temperature Range (Tstq) 
Lead Temperature (Soldering 4 sec) 


Maximum Power Dissipation at 25°C (Note 5) 
Ceramic “J” Package 
Plastic “N” Package 
SOIC Package 


—65°C to + 150°C 


7V Operating Conditions 
+14V Min 
+14V 
7V 


Supply Voltage (Vcc) 4.50 
Operating Temperature Range (Ta) —40 


Enable Input Rise or Fall Times . . 
260°C oo 


2308 mW 
1645 mW 
1190 mW 


DC Electrical Characteristics Vcc = 5v + 10% (unless otherwise specified) (Note 3) 


| Gonditions | min | Typ 


Symbol 


VTH 


Rin 


lin 


VoH 


VoL 


VIH 


Vib 


Parameter 


Minimum Differential 
Input Voltage 


Input Resistance 


Input Current 
(Under Test) 


Minimum High Level 
Output Voltage 


Maximum Low Level 
Output Voltage 


Minimum Enable High 
Input Level Voltage 


Maximum Enable Low 
Input Level Voltage 


Maximum TRI-STATE 
Output Leakage Current 


Maximum Enable Input 
Current 


Quiescent Power 
Supply Current 


Input Hysteresis 


—7V <Vom < +7V 
(One Input AC GND) 


Vout = Vou or VoL —200 
~7V <Voy < +7V 


3 
> 


Vin = +10V, Other Input = GND 
Vin = —10V, Other Input = GND 
Voc = Min., VioiFFy) = +1V 

louT = —6.0mA 


3 
> 


Voc = Max., VipIFF) = +1V 
louT = 6.0 mA 


Vout = Vcc or GND, 
TRI-STATE Control = Vii 


Vin = Voc or GND 


Voc = Max., VipiFF) = +1V 
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AC Electrical Characteristics Vcc¢ = 5v + 10% (Note 3) (Figures 1, 2, and 3) 


989PESd 


Propagation Delay 
{nput to Output 


Output Rise and CL = 50 pF 
Fall Times VoIFF = 2.5V 
Vom = OV 


Propagation Delay CL = 50 pF 
ENABLE to Output R,_ = 10000 
VpirF = 2.5V 


Propagation Delay Cy. = 50 pF 
ENABLE to Output Ri. =. 10000. 
Volrr = 2.5V 
Note 1: Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “‘Electrical Characteristics” provides conditions for actual device operation. 
Note 2: Unless otherwise specified, all voltages are referenced to ground. 
Note 3: Unless otherwise specified, Min/Max limits apply across the operating temperature range. 
All typicals are given for Vog = 5V and Ta = 25°C. 

Note 4: For additional details on ESD, contact National Semiconductor Interface Marketing. 


Note 5: Ratings apply to ambient temperature at 25°C. Above this temperature derate N Package 13.16 mW/°C, J Package 15.38 mW/°C and M Package 
9.52 mW/°C, ; 


Comparison Table of Switching Characteristics into “LS-Type” Load 
Voc = 5V, Ta = 25°C (Figures 4 and 5) Nels 6) 


DS34C86 DS3486 
ject ete) tie i — 


tPHL(D) Propagation Delay Time 
Output High to Low 


tpLH(D) Propagation Delay Time 


Output Low to High 


Output Low to TRI-STATE 


Output High to TRI-STATE 
Output TRISTATE toHigh | 13 | 
Output TRI-STATE to Low 


Note 6: This Table is provided for comparison purposes only. The values in this table for the DS34C86 reflect the performance of the device but are not tested or 
guaranteed. 





Test and Switching Waveforms 


V+ INPUTO 
Y= INPUT O 


OUTPUT 


+2.5V 
V= INPUT OV 
V+ INPUT =0V ——_—__—__—__ -2 5v TL/F/8699-4 
eleaiie Cy Includes load and test jig capacitance. 
S1 = Vcc for tpz_, and tp_z measurements. 
$1 = GND for tpzy, and tpyz measurements. 
FIGURE 2. Test Circuit for 
TRI-STATE Output Tests 


TL/F/8699-3 
FIGURE 1. Propagation Delays 





DS34C86 


Test and Switching Waveforms (continued) 


OUTPUT 
CONTROL 
(HIGH ENABLING) 


OUTPUT 


TL/F/8699-5 
FIGURE 3. TRI-STATE Output Enable and Disable Waveforms oe 


AC Test Circuits and Switching Time Waveforms 


TO SCOPE TO SCOPE 


(INPUT) 
DIFFERENTIAL (OUTPUT) 


INPUTS 


: Cy, = 15 pF 
PULSE : ; INCLUDES PROBE 


GENERATOR AND STRAY 
mie © CAPACITANCE 


TL/F/8699-6 


OUTPUT 
Vou 
ov 
TL/F/8699-7 
Input Pulse Characteristics: 
trtn = trot = 6 ns (10% to 90%) 
PRR = 1 MHz, 50% duty cycle 


FIGURE 4. Propagation Delay Differential Input to Output for “LS-Type” Load 
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AC Test Circuits and Switching Time Waveforms (continued) 


TO SCOPE 
(INPUT) TRI-STATE 
CONTROL 


TO SCOPE 
(OUTPUT) 


DIFFERENTIAL 
INPUTS 


C, = 15 pF INCLUDES 
PROBE AND STRAY 
CAPACITANCE 


1.5V for tpyz and tp_z 
—1.5V for tp_z and tpz_ 


Input Pulse Characteristics: 


tri = trHL = 6 ns (10% to 90%) 
PRR = 1 MHz, 50% duty cycle 


tpLz 


SW1 CLOSED 
- SW2 CLOSED 


=1.3V 
OUTPUT 
0.5V 


Vor 
py 


TL/F/8699-9 


SW1 OPEN 
SW2 CLOSED 


te2H 


TL/F/8699-11 
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ALL DIODES 1N916 OR 
EQUIVALENT 


TL/F/8699-8 


SW1 CLOSED 
SW2 CLOSED 
tPHZ 


O.5V 


0 a aa aa 


TL/F/8699-10 


SW1 CLOSED 
SW2 OPEN 


tPZL 


x5V -VBE 


VoL 
ov 
TL/F/8699-12 


FIGURE 5. Propagation Delay TRI-STATE Control Unit to Output for “LS-Type” Load 





DS35F86/DS34F86 


ZA National 


Semiconductor 


DS35F86/DS34F86 


RS-422/RS-423 Quad Line Receiver 


with TRI-STATE® Outputs 


General Description 


The DS34F86/DS35F86 RS-422/3 Quad Receiver features 
four independent receivers, which comply with EIA Stan- 
dards for the electrical characteristics of balanced/unbal- 
anced voltage digital interface circuits. Receiver outputs are 
74LS compatible TRI-STATE structures which are forced to 
a high impedance state when the appropriate output control 
lead reaches a logic zero condition. A PNP device buffers 
each output control lead to assure minimum loading for ei- 
ther logic one or logic zero inputs. In addition each receiver 
has internal hysteresis circuitry to improve noise margin and 
discourage output instability for slowly changing input wave- 
forms. 

The DS34F86/DS35F86 offers improved performance due 
to the use of state-of-the-art L-FAST bipolar technology. 
The L-FAST technology allows for higher speeds and lower 
currents by utilizing extremely short gate delay times. Thus, 
the DS34F86/DS35F86 features lower power, extended 
temperature range, and improved specifications. 


Connection Diagram 


16-Lead DIP 


TRI-STATE _ 
CONTROL A/C 


TL/F/9616-1 
Top View 


Order Number DS34F86J or DS35F86J 
See NS Package Number J16A 


The DS34F86/DS35F86 offers optimum performance when 
used with the DS34F87/DS35F87 Quad Line Driver. 


Features 

@ Military temperature range 

m@ TRI-STATE outputs 

mw Fast propagation times (15 ns typical) 

m@ TTL compatible 

gw 5.0V supply 

m Lead compatible and interchangeable with MC3486 and 
DS3486 


DIFFERENTIAL 
oa 


INPUT 
NETWORK 


TRI= STATE 


CONTROL INPUT OUTPUT 
E Y 


LEVEL 
TRANSLATOR 


FIGURE 1. Block Diagram 


TL/F/9616-2 


Function Table (Each Receiver) 


Differential Inputs 
Vip = (Vint) — (Vin—) 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature Range 
Ceramic DIP 
Operating Temperature Range 
DS35F86 
DS34F86 
Lead Temperature 
Ceramic DIP (soldering, 60 seconds) 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Supply Voltage 
Input Voltage 


—65°C to + 175°C 


—55°C to + 125°C 
0°C to + 70°C 


300°C 


- 1500 mW 
8.0V 
8.0V 


~ Input Common Mode Voltage 


Input Differential Voltage 
*Dorate cavity package 10 mW/°C above 25°C. 


Operating Conditions 
DS34F86 

Temperature 

Supply Voltage 
DS35F86 

Temperature 

Supply Voltage 
Input Common Mode Voltage Range 
Input Differential Voltage Range 


0°C to + 70°C 
4.75V to 5.25V 


—§5°C to + 125°C 
4.5V to 5.5V 


—7.0V to +7.0V 


Electrical Characteristics over operating range, unless otherwise specified (Notes 2 & 3) 


Parameter 


Input Voltage HIGH 
Input Voltage LOW 


Differential Input Threshold 
Voltage (Note 6) 


Symbol 
Vi 
Vit 
Vin = 2V 


Input Bias Current 


Conditions 


—7V < Vom < 7V, 


Voc = OV or 5.25V, 


Other inputs at OV 


Output Voltage HIGH 
(Note 5) 


Output Voltage LOW 


Off State (High Impedance) 
Output Current 


Vin = 2V, 
Io = —0.4 mA, 


Vip = 0.4V 


Vin = 2V. . 


Vo = 0.5V 


Vio) = —SV, Vit = 0.8V, 


Vo = 2.7V 


Output Short Circuit Vio) = +3V, Vin = 2V, 
Current (Note 4) Vo = OV : 


Input Current LOW Vit = 0.5V 
(TRI-STATE Control) 


Input Current HIGH 
(TRI-STATE Control) 
lic = —10mA 


Input Clamp Diode Voltage 
(TRI-STATE Control) 


Supply Current Vit = OV 


-7V < Vom < 7V 


—7V < Vom s 7V, 


Vip) = +3V, Vi_ = 0.8V, 
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T 


Vo = Vou 


oO 
ye) 


Vo = Vo 
Vi = 


< 

| 

1 | 
wo —_— 
<|2 


Vi = +3V 
Vv; = +10V 
0°C to +70°C 


—55°C to + 125°C 


re) | 


lo = 8mA, 
Vip =.0.4V 


< 


= 
oO 


o 


ViH = 2.7V 
Vin = 5.25V 


> 
oO 
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DS35F86/DS34F86 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Uniless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS35F86 and across the 0°C to + 70°C ange for 
the DS34F86. All typicals are given for Vcc = 5V and Ta = 25°C. 


Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA RS-422/3 for exact conditions. Input balance and Vo}/Vo_ levels are tested simultaneously for worse case. 

Note 6: Differential input threshold voltage and guaranteed output levels are tested simultaneously for worst case. 


Switching Characteristics voc = 5v, Ty = 25°C (Figures 2 & 3) 


Typ 
sitet mm | omen | Me 


Propagation Delay Time Output HIGH to LOW a ee 


to Outputs 

Propagation Delay Time | cupavowiorasrare | {| 4 | we 
Rec cn 
| OutputTrstaTetolow | | 13 | 18 


Parameter Measurement Information 


TO SCOPE TO SCOPE 
(INPUT) (OUTPUT) 


tPLH(p) 
GENERATOR 
(Note 1) 
OUTPUT 
TRISTATE 
CONTROL 


TL/F/9616-4 
+2.0V 


TL/F/9616-3 
FIGURE 2. Propagation Delay Differential Input to Output 
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Parameter Measurement Information (Continued) 


TO SCOPE TO SCOPE 
(INPUT) — TRI= STATE (OUTPUT) 
CONTROL 


+ 1.5V for ty7 and try 
= 1.5V for tz and tot 


(Note 3) 


\ sw2 
os 


FIGURE 3. Propagation Delay TRI-STATE Control! Input to Output 


TL/F/9616-5 


ov 


‘Lz swt CLOSED tyz SW1 CLOSED 
SW2 CLOSED SW2 CLOSED 


0.5V Vou 
Ey 
1.39 


ov 





3.0V 


ov ov 


SW1 OPEN tay SW1 CLOSED 
1H SW2 CLOSED [7% swe OPEN 
Vou wa 5.0V oe, Vee 


1,5V 1.5V 
ov Vou 
TL/F/9616-6 ov 


FIGURE 3a. t.z, tzy BIGURE situ TL/F/9616-7 


Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, try = tru. = 6.0 ns (10% to 90%), 
Zo = 500, 
Note 2: C; includes probe and jig capacitance. 


Note 3: All diodes are IN916 or equivalent. 
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DS3486 


Za National 


Semiconductor 


DS3486 Quad RS-422, RS-423 Line Receiver 


General Description 


National’s quad RS-422, RS-423 receiver features four in- 
dependent receivers which comply with EIA Standards for 
the electrical characteristics of balanced/unbalanced volt- 
age digital interface circuits. Receiver outputs are 74LS 
compatible, TRI-STATE® structures which are forced to a 
high impedance state when the appropriate output control 
pin reaches a logic zero condition. A PNP device buffers 
each output control pin to assure minimum loading for either 
logic one or logic zero inputs. In addition, each receiver has 
internal hysteresis circuitry to improve noise margin and dis- 
courage output instability for slowly changing input wave- 
forms. 


Block and Connection Diagrams 


DIFFERENTIAL 
INPUTS 


INPUTS A 


OUTPUTA 


TRISTATE .4 
CONTROL A/C 


OUTPUT C 


Features 

Four independent receivers 

g TRI-STATE outputs 

w Internal hysteresis — 140 mV (typ 

m Fast propagation times —19 ns (typ) 

m TTL compatible outputs 

m 5V supply 

6 Pin compatible and interchangeable with MC3486 


TRI-STATE® 
CONTROL 
INPUT OUTPUT 


TL/F/5779-1 


OUTPUT B 


12 TRISTATE 
CONTROL B/D 


OUTPUT D 


INPUTS D 


TL/F/S779-2 


Top View 


Order Number DS3486J, DS3486M or DS3486N 
See NS Package Number J16A, M16A or Ni6A 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specifled devices are required, 


please contact the National Semiconductor Sales ~ 


Operating Conditions 
Min 
Power Supply Voltage, Vcc 4.75 5.25 


98reSa 


Offlce/Distributors for availability and specifications. 

Power Supply Voltage, Vcc 8V 
Input Common-Mode Voltage, Vicw +25V 
Input Differential Voltage, Vip +25V 
TRI-STATE Control Input Voltage, V| 8V 
Output Sink Current, Io 50 mA 
Storage Temperature, Tstg —68°C to + 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 14383mW 
Molded Dip Package 1362 mW 
SO Package 1002 mW 


*Derate cavity package 9.6 mW/°C above 25°C; derate Dip molded package 
10.2 mW/°C above 25°C. Derate SO package 8.01 mW/°C above 25°C. 


Operating Temperature, Ta 0 70 
Input Common-Mode Voltage -7.0 7.0 
Range, Vick 


Electrical Characteristics 
(Unless otherwise noted, minimum and maximum limits apply over recommended temperature and power supply voltage ranges. 
Typical values are for Ta = 25°C, Vcc = 5V and Vic = OV. See Note 2.) 


symbol| Parameter =| Gonditions, | Min | Typ | Max | Units 


(TRI-STATE Control) 


VIL Input Voltage—Low Logic State Vv 
(TRI-STATE Control) 


VtH(p) | Differential Input Threshold Voltage 


fle ee le ae 
lo = BMA, Vor = 0.5V | [0.070] -02] v 
[Voc = 0Vor5.25V, Other Inputsatov | | || 

Mentv Ci | 8.25 | ma 
Men CS | = 1.50 | ma 
Mesv Cs t.80 | ma 
Meaty CE 8.25 | ma 


| -7V Ss Vic § 7V, Vinacy = 2V, 
(Note 4) 


lo = =0.4 mA, Vip = 0.4V 
lo = 8MA, Vip = —0.4V 


loz Output TRI-STATE Leakage Current Vi(oy = 3V, Vi = 0.8V, VoL = 0.5V an a 40 
Vio) = —3V, Vi = 0.8V,Von=27V | | | 


los Output Short-Circuit Current Vio) = 3V, Viq TRISTATE = 2V, 45 —4100 
Vo = OV, (Note 3) 


Input Current—Low Logic State Vi = 0.5V ~400 
(TRI-STATE Control) 

Input Current—High Logic State Vin = 2.7V i eee 
(TRI-STATE Control) Vin = 5.25V i hae 400 


Input Clamp Diode Voltage lin = —10mA -15 Vv 
(TRI-STATE Control) , 
loc Power Supply Current All Inputs Vi. = OV | fs | mA 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted. 


1B (D) Input Bias Current 





Input Balance 





Note 3; Only one output at a time should be shorted. 
Note 4: Refer to EIA RS-422/3 for exact conditions. 
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Switching Characteristics (Untess otherwise noted, Veg = 5V and Ta = 25°C.) 


| 


tPHL(D) Propagation Delay Time—Differential Inputs to Output 
Output High to Low 
Output Low to High 
TRI-STATE Control to Output 
Output Low to TRI-STATE 
Output High to TRI-STATE 


Output TRI-STATE to High 
Output TRI-STATE to Low 


AC Test Circuits and Switching Time Waveforms 


TO SCOPE TO SCOPE 
(INPUT) 
DIFFERENTIAL dal al 
INPUTS 


Cp=15pF 
PULSE | INCLUDES PROBE 
GENERATOR AND STRAY 
wl. CAPACITANCE 


TL/F/5779-3 


tPHL(D) 


~ OUTPUT 


VoL 
ov 
TL/F/5779-4 


Input pulse characteristics: 
ttLH = trHL = 6 ns (10% to 90%) 
PRR = 1 MHz, 50% duty cycle 


FIGURE 1. Propagation Delay Differential Input to Output 
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AC Test and Switching Time Waveforms (Continued) 


TO SCOPE 
(INPUT) TRISTATE 
CONTROL 







PULSE 
GENERATOR TO SCOPE 


(OUTPUT) 








swi O5¥ 






DIFFERENTIAL 
(NPUTS 


Cy = 15 pF INCLUDES 
PROBE AND STRAY 
CAPACITANCE 






ALL DIODES 1N916 OR 
EQUIVALENT 


1.5V for tpy4z and tp_z 
—1.5V for tpiz and tpz,_ i . $W2 


Input pulse characteristics: 
tttH = trHL = 6 ns (10% to 90%) 













PRR = 1 MHz, 50% duty cycle —_ : 
TL/F/5779-5 
tpiz tpHz 
3V av 
INPUT En 
SW1 CLOSED 
ov SW1 CLOSED ov 
tpLz SW2 CLOSED SW2 CLOSED 
=13V Vou 
OUTPUT . Egut 


Vor ON =13V 
ee! Were ee Ov 


TL/F/5779-6 TL/F/5779-7 





3V 















3V 
INPUT SW1 OPEN INPUT SW1 CLOSED 
ov SW2 CLOSED ov SW2 OPEN 
tpzH tpzt 
Vou ~$V -Vpe 
1.5V OUTPUT 
ov -———_——> VoL 





TL/F/5779-8 ov 
TL/F/5779-9 


FIGURE 2. Propagation Delay TR!I-STATE Control Input to Output 
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DS34C87 


ZA National 


Semiconductor 


DS34C87 CMOS Quad TRI-STATE® 


Differential Line Driver 


General Description 


The DS34C87 is a quad differential line driver designed for 
digital data transmission over balanced lines. The DS34C87 
meets all the requirements of EIA standard RS-422 while 
retaining the low power characteristics of CMOS. This en- 
ables the construction of serial and terminal interfaces while 
maintaining minimal power consumption. 

The DS34C87 accepts TTL or CMOS input levels and trans- 
lates these to RS-422 output levels. This part uses special 
output circuitry that enables the individual drivers to power 
down without loading down the bus. This device has sepa- 
rate enable circuitry for each pair of the four drivers. The 
DS34C87 is pin compatible to the DS3487. 


All inputs are protected against damage due to electrostatic 
discharge by diodes to Vcc and ground. 


Connection and Logic Diagrams 


Dual-In-Line Package 


INPUT A 


CHANNEL A 
OUTPUTS 


CHANNEL D 


A/B CONTROL OUTPUTS 


C/D CONTROL 
CHANNEL B 
OUTPUTS 
CHANNEL C 
OUTPUTS 


INPUT C 


TL/F/8576-1 
Top View 


Order Number DS34C87J, DS34C87M or DS34C87N 
See NS Package Number J16A, M16A or N16A 


1 


Features 

@ TTL input compatible 

m@ Typical propagation delays: 6 ns 

m Typical output skew: 0.5 ns 

@ Outputs won’t load line when Vco = OV 

m@ Meets the requirements of EIA standard RS-422 

m Operation from single 5V supply 

m@ TRI-STATE outputs for connection to system buses 
m Low quiescent current 

m@ Available in surface mount 


NON-INVERTING 


OUTPUTS 


INVERTING 


OUTPUT 
CONTROL 


TL/F/8576-2 


Truth Table 


Control | Non-Inverting | Inverting 
Input Output Output 





H H H L 
L H L H 
X L : Z Z 


X = Irrelevant 
Z = TRI-STATE (high impedance) 


L = Low logic state 
H = High logic state 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, _ 

please contact the National Semiconductor Sales Supply Voltage (Vcc) 
Office/Distributors for availability and specifications. DC Input or Output Voltage (Vin, Vout) 0 
Supply Voltage (Vcc) —0.5 to 7.0V Operating Temperature Range (Ta) 
DC Voltage (Vin) —1.5 to Voc + 1.5V Input Rise or Fall Times (t,, t)) 

DC Output Voltage (Vout) —0.5to7V 

Clamp Diode Current (lik, lox) +20 mA 

DC Output Current, per pin (Ioyt) * +150mA 

DC Voc or GND Current (I¢c) +150 mA 

Storage Temperature Range (Tstaq) — 65°C to + 150°C 


Maximum Power Dissipation (Pp) @ 25°C (Note 3) 
Ceramic “J” Package 2419 mw 
Plastic “N’’ Package 1736 mW 
SOIC Package 1226 mW 


Lead Temperature (T,) (Soldering 4 sec) 260°C 


Z89rvESa 


DC Electrical Characteristics voc = 5v +10% (unless otherwise specified) (Note 4) 


Symbol 


Vin High Level Input 
Voltage 

Vit Low Level Input 
Voltage 
High Level Output Vin = Vin or Vit, 
Voltage lout = —20mA . 
Low Level Output Vin = Vin Or Vit, 
Voltage lout = 48 mA 


Ty 


ne) 


N) N 
a oO 


o | o |} © 
=— | WO | 
Ht} o ° 
o| * - 


Vt Differential Output Ry = 1009 
Voltage (Note 5) 

lVr|-|Vrl Difference In Ri = 1002 
Differential Output (Note 5) 

Vos | Common Mode Ry = 1002 
Output Voltage (Note 5) 

\Vos-Vosl Difference In R_ = 1009 
Common Mode Output (Note 5) 


lin Input Current Vin = Voc, GND, Vip, or Vit 


loc Quiescent Supply lout = 0 pA, 
Current Vin = Voc or GND 
Vin = 2.4V or 0.5V (Note 6) 


loz TRI-STATE Output Vout = Vcc or GND 
Leakage Current Control = Vi_ 

Isc Output Short Vin = Voc or GND 
Circuit Current (Notes 5, 7) 

lOFF Power Off Output Voc = OV Vout = 6V 100 pA 
Leakage Current (Note 5) VouT = —0.25V — 100 pA 


Note 1: Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of ‘Electrical Characteristics" provide conditions for actual device operation. 


Note 2: Unless otherwise specified, all voltages are referenced to ground. All currents into device pins are positive; all currents out of device pins are negative. 


Note 3: Ratings apply to ambient temperature at 25°C. Above this temperature derate N Package 13.89 mW/°C, J Package 16.13 mW/°C, and N Package 
9.80 mW/°C. 


Note 4: Unless otherwise specified, min/max limits apply across the — 40°C to 85°C temperature range. All typicals are given for Vcc = 5V and Ta = 25°C. 
Note 5: See EIA Specification RS-422 for exact test conditions. 

Note 6: Measured per input. All other inputs at Voc or GND. 

Note 7: This is the current sourced when a high output is shorted to ground. Only one output at a time should be shorted. 





_ 


o 
fo) 
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Switching Characteristics voc = 5v + 10%, t, ty < 6 ns (Figures 1, 2, 3, and 4) (Note 4) 


symbol | Parameter | Conitions_|__ Min | tye | Max | Units 


tptH, tpHL Propagation Delay S1 Open ne 
SSaee Se to Output 


Skew | (Notes) sd 8) S1 | s1Open | 


troy, tTHL Differential Output Rise 
And Fall Times 
tp2H Output Enable Time $1 Closed a 
tez Output Enable Time $1 Closed ee ee ee 
tpHz Output Disable Time (Note 9) S1 Closed {4+ | 3 _ ns 
tpLz Output Disable Time (Note 9) S1 Closed eee Se ee ee ns 
Cpp Power Dissipation pF 
a a (Note 10) 


CIN Input | InputCapacitance pF 


Note 8: Skew is defined as the difference in propagation delays ea complementary outputs at ae 50% =m 


Note 9: Output disable time is the delay from the control input being switched to the output transistors turning off. The actual disable times are less than indicated 
due to the delay added by the RC time constant of the load. 


Note 10: Cpp determines the no load dynamic power consumption, Pp = Cpp V2cc f + Ioc Voc, and the no load dynamic current consumption, 
Is = Cpp Veco ft + Ico. 


Comparison Table of Switching Characteristics into “LS-Type” Load 
Voc = 5V, Ta = +25°C, ty < 6 ns, te < 6 ns (Figures 4, 5, 6, 7, 8 and 9) (Note 11) 


te | tet 


tpLH, tpHe Propagation Delay 
Input to Pama 


| (Notes) sd 8) 


trHL tTLH Differential Output Rise 
and Fall Times 


Output Disable Time C. = 50 pF, R, = 2000, 
(Note 9) $1 Closed, S2 Closed 
Output Disable Time C_ = 50 pF, RL = 2000, 
(Note 9) Si Closed, S2 Closed 


Output Enable Time CL = 50 pF, R, = ©, 
$1 Open, S2 Closed 


Output Enable Time C, = 50 pF, R_ = 2000, 
$1 Closed, S2 Open 


Note 11: This table is provided for comparison purposes only. The values in this table for the DS34C87 reflect the performance of the device but are not tested or 
guaranteed. 
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AC Test Circuit and Switching Time Waveforms 


TL/F/8576-3 


Note: C1 = C2 = C3 = 40 pF (including Probe and Jig Capacitance), R1 = R2 = 500, R3 = 500n 
FIGURE 1. AC Test Circuit 


f=1MHz,t, <S6ns, 
ty; 6ns 
0.0V 


OUTPUT 


TL/F/8576-4 
FIGURE 2. Propagation Delays 


OUTPUT 
(DIFFERENTIAL) 





tHe 


thoy 


TL/F/8576-7 
Input pulse; f = 1 MHz, 50%, t, s 6 ns, t} < 6ns 
FIGURE 4. Differential Rise and Fall Times 


1/4 083487 


1/4 0S34C87 Rt 
OUTPUT 100 


TEM CT2 
CURRENT TRANSFORMER 
OR EQUIVALENT 


CL 
50 pF 


INCLUDING PROBE 
AND JIG CAPACITANCE 
TL/F/8576-6 


FIGURE 6. Differential Rise and Fall Times 
Test Circuit for “LS-Type” Load 
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CONTROL INPUT 
f=1 MHz, tS 6ns, 
ts 6ns 


TL/F/8576-5 
FIGURE 3. Enable and Disable Times 


1/4 DS3487 
1/4 0S34C87 


INCLUDES PROBE 
AND JIG CAPACITANCE | 


TL/F/8576-8 
FIGURE 5. Propagation Delays Test Circuit 
for “LS-Type” Load 


1/4 083487 
1/4 DS34C87 


OUTPUT 


f 


INPUT 


CONTROL 
INPUT 


¢ 
C; Includes probe and Jig capacitance 
TL/F/8576-9 


FIGURE 7. Load Enable and Disable Times 
Test Circuit for “LS-Type” Load 
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DS34C87 


AC Test Circuit and Switching Time Waveforms (continueg) 


3.0¥V ———, 
INPUT 
f=1MHz,t,-S6ns, 


if S6ns 
0.0 


TL/F/8576-10 
FIGURE 8. Load Propagation Delays for “LS-Type” Load 


3.0V 
CONTROL INPUT 
f=1MHz, tS 6ns, 
ty s6ns ov 


tp2t 
TL/F/8576~11 


FIGURE 9. Load Enable and Disable Times for “LS-Type” Load 


Typical Applications 


Two-Wire Balanced System, RS-422 


TL/F/8576-12 
*Rz is optional although highly recommended to reduce reflection. 
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Za National 


Semiconductor 


DS35F87/DS34F87 


RS-422 Quad Line Driver with TRI-STATE® Outputs 


General Description 


The DS34F87/DS35F87 RS-422 Quad Line Driver features 
four independent drivers which comply with EIA Standards 
for the electrical characteristics of balanced voltages digital 
interface circuits. The outputs are TRI-STATE structures 
which are forced to a high impedance state when the appro- 
priate output control lead reaches a logic zero condition. All 
input leads are PNP buffered to minimize input loading for 
either logic one or logic zero inputs. In addition, internal cir- 
cuitry assures a high impedance output state during the 
transition between power-up and power-down. 

The DS34F87/DS35F87 offers improved performance due 
to the use of state-of-the-art L-FAST bipolar technology. 
The L-FAST technology allows for higher speeds and lower 
currents by utilizing extremely short gate delay times. Thus, 
the DS34F87/DS35F87 features lower power, extended 
temperature range, and improved specifications. 

The DS34F87/DS35F87 offers optimum performance when 
used with the DS34F86/DS35F86 Quad Line Receiver. 


Block and Connection Diagrams 


NON=INVERTING (Y) 
OUTPUTS 
INVERTING (Z) 


OUTPUT 
CONTROL 


TL/F/9618-2 
FIGURE 1 


Function Table (cach Driver) 


High Level 
Low Level 
Immaterial 
High Impedance (off) 


Features 

@ Military temperature range 

m@ Four independent drivers 

@ TRI-STATE outputs 

@ PNP high impedance inputs 

m™ Fast propagation time 

@ TTL compatible 

m 5.0V supply 

a Output rise and falls times less than 15 ns 

m Lead compatible and interchangeable with MC3487 and 
DS3487 


16-Lead DIP 


TL/F/9618-1 
Top View 


Order Number DS34F87J or DS35F87J 
See NS Package Number J16A 
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DS35F87/DS34F87 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C 
please contact the National Semiconductor Sales Cavity Package . 
Office/Distributors for availability and specifications. *Derate cavity package 10 mW/°C above 25°C. 


Storage Temperature Range : 
Ceramic DIP 65°C to +175°C Operating Range 


Lead Temperature DS34F87 : 
Ceramic DIP (soldering, 60 sec.) 300°C Temperature : o°C to + 70°C 
Supply Voltage 8.0V ; Supply Voltage 4.75V to 5.25V 


Input Voltage 5.5V DS35F87 
Temperature —55°C to + 125°C 


Supply Voltage 4.5V to 5.5V 


Electrical Characteristics over operating range, unless otherwise specified (Notes 2 & 3) 


Symbol Parameter Conditions 
Input Voltage LOW [ee es eel 


Input Voltage HIGH . 


Input Current LOW Vit = 0.5V 
Input Current HIGH Vin = 2.7V 
Vin = 5.5V 


Typ 


Input Clamp Voltage , | = —18mA 

VoL Output Voltage LOW lo. = 48mA 

VoH Output Voltage HIGH lon = —20mA 

los Output Short Circuit Current (Note 4) Vin = 2.0V 

loz Output Leakage Current Hi-Z State Vi_ = 0.5V, Vi_ (Z) = 0.8V 

Vin = 2.7V, Vit (Zz) = 0.8V 

lov(off) Output Leakage Current Vou = 6.0V, Voc = OV 

Power Off Vo = —0.25V, Voce = OV 


Vos-Vos Output Offset 
Voltage Difference (Note 5) 


Vop Output Differential Voltage (Note 5) be a 


AVop ‘Output Differential 
Voltage Change 


Control Leads Gnd 


loc Control Leads 2.0V mA 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS35F87 and across the 0°C to + 70°C range for 
the DS34F87. All typicals are given for Voc = 5V and Ta = 25°C. : 


Note 3: All currents into the device are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 
Note 5: Refer to EIA RS-422/3 for exact conditions. 


locx Supply Current 


a 
Oo 


He 1 I 
°o 2 oe 
SS fh a 
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Switching Characteristics voc = 5.0v, Ta = 25°C 


symbol | ___Parameter_——| Conditions| min | Typ | Max__| Units 
tpHL Propagation Delay Times | HightoLowinpt = sf Td tt ns 
tpu | _towtoighinout | | | ts is 
tra Output Transition | HightoLowinput | | ts 
tai Times—Differential | LowtoHighinptt =| | a 
tpHz(E) Propagation Delay R_ = 200, C, = 50 pF aa eae 

tPLZE) Control to Output 


tpZL(E) Ry = 200, C, = 50 pF 


SKEW Output to Output Load = (Note 1) 


Note 1: C_ = 50 pF, Vj = 1.5V to Vo = 1.5V, Vputse = OV to +3.0V. 





Parameter Measurement Information 
TO SCOPE 3.0V or GND TO SCOPE 
IN INPUT OUT 
OPEN FOR 


INVERTING eee 
PZL(E) 
OUTPUT TEST ONLY 


OPEN FOR 
tezL(E) 


Be TEST ONLY 


FIGURE 2. TRI-STATE Enable Test Circuit and Waveforms 


TL/F/9618-3 


CONTROL CONTROL 1.5V 
INPUT ; INPUT 


ov 


Pe tezL(E) 


3 1.5V 


Vor 
ov 
TL/F/9618-4 ov 


FIGURE 2a TL/F/9618-5 
FIGURE 2b 
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Z84p€SG/L84SESG 


DS35F87/DS34F87 


Parameter Measurement Information (Continued) 


s* TO SCOPE 
e rie OUT 5.0V 


INVERTING - 


OUTPUT R 


L 
2002 


PULSE 
GENERATOR NON@INVERTING ¢ =15 pF 


OUTPUT 
(Note 1) (Note 2) (Note 4) 


TL/F/9618-6 


TL/F/9618-7 
FIGURE 3. Propagation Delay Times Input to Output Waveforms and Test Circuit 


TO SCOPE 
IN 


SCOPE 
L_ OUTPUT 
2002 (DIFFERENTIAL) 
PULSE 


GENERATOR 
(Note f) 


TL/F/9618-8 


OUT 
(DIFFERENTIAL) 


TL/F/9618-9 
FIGURE 4. Output Transition Times Circuit and Waveforms 


Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, try = trHL s 5.0 ns (10% to 90%), Zo 
= 50. 


Note 2: C, includes probe and jig capacitance. 
Note 3: All diodes are IN3064 or equivalent. 
Note 4: All diodes are IN914 or equivalent. 
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Za National 


Semiconductor 


Z8vesSdq/Z8sesd 


DS3587/DS3487 Quad TRI-STATE® Line Driver 


General Description Features 

National’s quad RS-422 driver features four independent ™ Four independent drivers 

drivers which comply with EIA Standards for the electrical m TRI-STATE outputs 

characteristics of balanced voltage digital interface circuits. Fast propagation times (typ 10 ns) 

The outputs are TRI-STATE structures which are forcedtoa ™ TTL compatible 

high impedance state when the appropriate output control = sy supply 

pin reaches a logic zero condition. All input pins are PNP m Output rise and fall times less than 15 ns 


buffered to minimize input loading for either logic one or : . : 
logic zero inputs. m Pin compatible with DS8924 and MC3487 


Block and Connection Diagrams 
Dual-In-Line Package 


INPUT A 
NON-INVERTING 


OUTPUTS A | 
OUTPUTS 


| OUTPUTS D 
A/B CONTROL 


INVERTING 


C/O CONTROL 
OUTPUTS B | 





10 | OUTPUTS C 


TL/F/5780-1 INPUT B 


GND INPUT C 





TL/F/5780-2 
Top View 


Order Number DS3587J, DS3487J, 
DS3487M or DS3487N 
See NS Package Number J16A, M16A or NIi6A 


Non-Inverting Inverting 
Output Output 


Truth Table 





H H H L 
L H a L H 
X L Z Z 


L = Low logic state 

H = High logic state 

X = Irrelevant 

Z = TRI-STATE (high impedance) 
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DS3587/DS3487 


Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, SO Package 1051 mW 
please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C 
Office/Distributors for availability and specifications. 


Supply Voltage Vv Operating Conditions 
Input Voltage 5.5V Min Max Units 


Storage Temperature —65°C to + 150°C Supply Voltage, Voc 


Maximum Power Dissipation" at 25°C meee . ee a 
Cavity Package 1509 mW ; ; 
Molded DIP Package 1476 mw Temperature (Ta) 


*Derate cavity package 10.1 mW/°C above 25°C; derate DIP molded pack- —_.. DS3587 : —55 +125 
age 11.9 mW/°C above 25°C. Derate SO package 8.41 mW/°C above 25°C DS3487 0 +70 


Electrical Characteristics (notes 2, 3, 4 and 5). 


Symbol Eraser eee sean Units 
Vi | inputtowVotage | ot 
Vi | inputHighvotage | Cf eo | 
n | inputtow Curent | Mw osy | | 200 | 


Ii Input High Current Vin = 2.7V pA 

nae OE z 
Vou | InputClampVoltage | teu = -18mA— | || 15 | 
Vo.___| OutputLowvotage | c= tema | || os | 
Vou __| OutputHign voltage | ton = ~20ma_ | os || 
los F ouputshotGreutGuren ae |] ae 


loz Output Leakage Current (TRI-STATE) lVvo=osv | | | 100 | pA 
PVo=ssv | | | 100 | pA 


lorF Output Leakage Curent PowerOFF | yy | Vo=ev_ | | | 100 | nA 
Vo=-o25v | | | =100 | HA 


IVos-Vos!_| Difference inOutputOfisetVotage | | S| | 
Vr Differential Output Voltage fee eee, Steep aes eee 
[Vrl-Vr| Difference in Differential Output Voltage aes (ieee rae DE V 


loc Power Supply Current | active | | 50 | 80 | mA 
jtastare | | 36 | 60 | ma 


Switching Characteristics vcc = 5v, T, = 25°C 


| _ Parameter | Conditions, =| Min | Typ | Max 
| inputtoOutput | tt 
| inputtoOutput, ft 
| Difterentia'ratime | tt 
| DitterentiairiseTime | TT tt 
Ry = 2000, C. = 60 pF ee ele Wy a 
| EnabletoOutput | FL = 2000,c.=s0pF | || 
| EnabletoOutput | AL= <%= 60F,S10pen || tt | 28 
| EnabletoOutput | AL =200%,G, = 50pF,S20pen | | 15 | 25 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Uniess otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS3487. All typicals are given for Voc = 5V and Ta = 25°C. 
Note 3: All currents into device pins are positive, all currents out of device pins as negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Symbols and definitions correspond to EIA RS-422, where applicable. 
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1/4 083487 


INCLUDES PROBE 
AND JIG CAPACITANCE | 


TL/F/5780-3 


3V 
INPUT 
ov 


OUTPUT 


OUTPUT 


teHL- 


TL/F/5780-4 


Input pulse: f = MHz, 50%; t = ts < 15ns. 


FIGURE 1. Propagation Delays 


1/4 DS3487 


OUTPUT 
3V OR OV 


CONTROL C, 
INPUT a 


$1 and S2 closed except as noted. 
C_ includes probe and jig capacitance. 


TL/F/5780-5 


RL 
ouTPuT _‘100 


TEM CT2 
CURRENT TRANSFORMER 
Y, 083487 OR EQUIVALENT 





C, 
15 pF 


INCLUDING PROBE 
AND JIG CAPACITANCE 


TL/F/5780-7 


CONTROL 
INPUT 


Vou 
OUTPUT 


OUTPUT 
Vor 


toi tezi 


TL/F/5780-6 


Input pulse: f = MHz, 50%; t, = t < 15 ns. 
$1 = open for tpzy 
$2 = open for tez. 


FIGURE 2. TRI-STATE Enable and Disable Delays 


OUTPUT 
(DIFFERENTIAL) 


3V 


ov 


FIGURE 3. Differential Rise and Fall Times 
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aa 





tTLH | oTTHL 


TL/F/5780-8 
Input pulse: f = MHz, 50%; t- = t} < 15 ns. 
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DS1603/DS3603 


Za National 


Semiconductor 


DS1603/DS3603 TRI-STATE® Dual Receivers 


General Description | 


The DS1603/DS3603 are dual differential TRI-STATE line 
receivers designed for a broad range of system applica- 
tions. They feature a high input impedance and low input 
current which reduces the loading effects on a digital trans- 
mission line, making them ideal for use in party line systems 
and general purpose applications like transducer preamplifi- 
ers, level translators and comparators. 

The receivers feature a +25 mV input sensitivity specified 
over a +3V common mode range. Input protection diodes 
are incorporated in series with the collectors of the differen- 


‘tial stage. These diodes are useful in applications that have 


multiple Voco+ supplies or Voc + supplies that are turned 
off thus avoiding signal clamping. In addition, TTL compati- 
ble strobe and control lines are provide for flexibility in the 
application. 


Connection Diagram 


The DS1603/DS3603 are pin compatible with the DS75107, 
DS75108 and DS75208 series of dual line receivers. 


Features 

w Diode protected input stage for power “OFF” condition 
m 17 ns typ high speed 

mw TTL compatible 

mg +25 mV input sensitivity 

m +3V input common-mode range 

@ High-input inpedance with normal Vcc, or Vcc = OV 
m@ Strobes for channel selection 

m TRI-STATE outputs for high speed buses 


Dual-in-Line Package 


INPUT 
2A 


INPUT INPUT NC 
1A 1B 


INPUT 


OUTPUT 


OUTPUT STROBE 


STROBE 
1G 


DISABLE GND 
D 


TL/F/5781-2 


Top View 
Order Number DS1603J, DS3603J or DS3603N 
See NS Package Number J14A or N14A 
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Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcct) 7V 
* Supply Voltage (Vcc —) —-7V 

Differential Input Voltage 

Common Mode Input Voltage 


Operating Conditions 


Strobe Input Voltage 5.5V 
Storage Temperature Range —65°C to + 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1308 mW 
Molded Package 1207 mW 
Lead Temperature (Soldering, 4 sec) 260°C 


*Derate cavity package 8.7 mW/°C above 25°C; derate molded package 
9.7 MW/°C above 25°C. 


DS3603 


Electrical Characteristics ty < Ta < Tuax (Notes 2, 3) 


Symbol Conditions | Min | Typ | Max | units 





High Level Input Current Voct = Max, Vec~ = Max, 

into 1A, 1B, 2A or 2B Vip = 0.5V, Vic = —3V to 3V 
Low Level Input Current Voct = Max, Voc = 

into 1A, 1B, 2A or 2B Vip = —2V, Vic = —3V to 3V 


Megan ie 


75 pA 


ee 
ed elena 


= Max, 


High Level Input Current Voct = Max 


Low Level Input Current Voc? = Max, Vcc~ = Max, 
into D Vit(p) = 0.4V 


| Mi =2v | | 40 


ol 


Veco? = Min, Voc~ = Min, 


Low Level Input Current 
into 1G or 2G Voc = Max, 


Vit(G@) = 0.4V 


High Level Output Voltage 


Voct = Max, 


lLoAD = —2™mMA, Vip = 25 mV, 
ViL(D) = 9.8V, Vic = —S3V to 3V 


VoL Low Level Output Voltage 


Voct = Min, Voc = Min, 


ISINK = 16 MA, Vip = —25 mV, 
Vit(D) = 0.8V, Vic = —3V to 3V 


lop Output Disable Current 
Voc™ = Max, 
VIH(D) = 2V 


Vect = Max, 





—40 


los Short Circuit Output Current | Voct = Max, Vcc7 = Max, a 
Vit(b) = 0.8V (Note 4) 
locHt High Logic Level Supply Voct = Max, Voc~ = Max, 
Current from Voc t Vip = 25 mV, Ta = 25°C 


Vip = 25 mV, Ta = 25°C 


IccH™ High Logic Level Supply Voct = Max, Voc7~ = Max, 
Current from Voc 


lin = —12 mA, Ta = 25°C 





Vi Input Clamp Voltage Voc? = Min, Voc~ = Min, - 
onGorD 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS1603 and across the 0°C to + 70°C range for 


the DS3603. All typical values are for Ta = 25°C and Voc = 5V. 


Note 3: All current into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown as 


max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
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DS1603/DS3603 


Switching Characteristics voct = 5V, Voc = —5V,Ta = 25°C 


tPLH(D) Propagation Delay Time, Low-to- R,_ = 39029, C, = 50 pF, (Note 1) 
High Level, from Differential 
Inputs A and B to Output 

tPHL(D) Propagation Delay Time, High-to- Rx. = 3902, CL = 50 pF, (Note 1) 
Low Level, from Differential 
Inputs A and B to Output 

tPLH(s) Propagation Delay Time, Low-to- = 3900, C, = 50pF 
High Level, from Strobe Input G 
to Output 


tPHL(S) Propagation Delay Time, High-to- Ri = 3909, CL = 50 pF 
Low Level, from Strobe Input G 
to Output 
Disable Low-to-High to Output Ri = 3909, C, = 5 pF 
High to Off 


Disable Low-to-High to Output R. = 3900, C, = 5 pF 
Low to Off 


Disable High-to-Low to Output Ri = 1k to OV, C_ = 50 pF 
Off to High 

Disable High-to-Low to Output R, = 3909, CL = 50 pF 
Off to Low 


Note 1: Differential input is +100 mV to —100 mV pulse. Delays read from 0 mV on input to 1.5V on output. 


Typical Application 


Line Receiver Used in a Party-Line or Data-Bus System 
RECEIVERS 


TWISTED-PAIR 
TRANSMISSION 
LINE 


Line receivers are 
DS75107/DS75108 

or DS3603 

Line drivers are 

wile 109/ArsTaOiDSIRAe 10 
or DS8831 


ORIVERS : 
TL/F/5781-3 
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Schematic Diagram (note 1) 


a 


DS1603/DS3603 


el 


is, 


Note 1: 14 of the dual circuit is shown. 
Note 2: "Indicates connections common to second half of dual circuit. 


© STROBE G 


O DISABLE BD 


TL/F/5781-6 
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DS1650/DS1652/DS3650/DS3652 


ZA National 


Semiconductor 


DS1650/DS 1652/DS3650/DS3652 
Quad Differential Line Receivers 


General Description 

The DS1650/DS3650 and DS1652/DS3652 are TTL com- 
patible quad high speed circuits intended primarily for line 
receiver applications. Switching speeds have been en- 
hanced over conventional line receivers by the use of 
Schottky technology, and TRI-STATE® strobing is incorpo- 
rated offering a high impedance output state for bussed or- 
ganizations. 

The DS1650/DS3650 has active pull-up outputs and offers 
a TRI-STATE strobe, while the DS1652/DS3652 offers 
open collector outputs providing implied “AND” operation. 
The DS1652/DS3652 can be used for address decoding as 
illustrated below. All outputs of the DS1652/DS3652 are 
tied together through a common resistor to 5V. In this con- 


Connection Diagram 
Dual-iIn-Line Package 


+INB) «ooUTB «VEE OUTD +IND -IND 


~INC GND 
TL/F/5782-1 


-INA +INA = OUTA = STB OUTC +INC 


Top View 


Order Number DS1650J, DS 1652, 
DS3650J, DS3652J, DS3650M, 
DS3652M, DS3650N or DS3652N 
See NS Package Number J16A, M16A, or N16A 


Truth Table 


L = Low Logic State Open = TRI-STATE 
H = High Logic State X = Indeterminate State 


figuration, the DS1652/DS3652 provides the “AND” func- 
tion. All addresses have to be true before the output will go 
high. This scheme eliminates the need for an “AND” gate 
and enhances speed throughput for address decoding. 


Features 

m High speed 

m TTL compatible 

m@ Input sensitivity 

a TRI-STATE outputs for high speed busses 
m Standard supply voltages +5V 
m Pin and function compatible with MC3450 and MC3452 


£25 mV 


Typical Applications 
Implied “AND” Gating 


“2 TL/F/5782-2 
Wired “OR” Data Selecting Using TRI-STATE Logic 


TL/F/5782-3 
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Absolute Maximum Ratings (note 1) Operating Conditions 
If Military/Aerospace specifled devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage, Vcc 
Office/Distributors for avallability and specifications. DS1650, DS1652 4.5 
Power Supply Voltages DS3650, DS3652 4.75 

Vec +7.0 Voc Supply Voltage, Vee 

VEE —7.0 Voc DS1650, DS1652 -4.5 
Differential-Mode Input Signal Voltage DS3650, DS3652 

Range, Vipr +6.0 Voc Operating Temperature, Ta 
Common-Mode Input Voltage Range, Vicar +5.0Vpc 0S1650, DS1652 
Strobe Input Voltage, Vis) 5.5Vpc DS3650, DS3652 
Storage Temperature Range —65°C to + 150°C Output Load Current, lot 
Lead Temperature (Soldering, 4 seconds) 260°C Differential-Mode Input 
Maximum Power Dissipation* at 25°C Peisisccatsied a 

Cavity Package 1509 mW P 

Molded DIP Package 1476 mW Voltage Range, Vicr 

SO Package 1051 mW Input Voltage Range 


*Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack- Input to GND, Vir 
age 11.8 mW/°C above 25°C; derate SO package 8.41 mW/°C above 25°C, 


Electrical Characteristics 
(Voc = 5.0 Voc, VEE = —5.0 Vpc, Min < Ta < Max, unless otherwise noted) (Notes 2 and 3) 


symbol | ____—Parameter__— |= Conaittions,_ | min | Typ | Max | Units 


Vis Input Sensitivity, (Note 5) 
(Common-Mode Voltage Range = Min < Vcc < Max +25.0 mV 
—3V < Vin < 3V) Min = Vee = Max 
NH) High Level Input Current to (Figure 5) 5 
Receiver Input 


NL) Low Level Input Current to (Figure 6) 
Receiver Input 
IH(S) High Level Input Current to (Figure 3) Vin(s) = 2.4V, 
Strobe Input DS1650, DS1652 
Vin(s) = 2.4V, 
DS3650, DS3652 


|Miwsy=Voo | | | + | 


Low Level Input Current to Vins) = 0.4V 
—1.6 
Strobe Input 


High Level Output Voltage (Figure 1) DS1650, DS3650 Eo 2 ee ee 
High Level Output Leakage Current (Figure 1) DS1652, DS3652 
Low Level Output Voltage (Figure 1) DS3650, DS3652 


a Sei 
(cael ae EC 

| psieso,osies2 | | 
Short-Circuit Output Current (Note 4) (Figure 4) | psi6so/ps3es0 | —18 | | —70 
a ae 
oe ae 





Output Disable Leakage Current (Figure 7) 
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DS1650/DS1652/DS3650/DS3652 





Electrical Characteristics 
(Voc = 5.0 Voc, Vee = —5.0 Voc, Min < Ta < Max, unless otherwise noted) (Notes 2 and 3) (Continued) 


| Parameter | Conditions, | Min’ | Typ | Max | 
High Logic Level Supply Current (Figure 2) 
from Vcc 
High Logic Level Supply Current (Figure 2) ~17 
from Veg 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The mele of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C range for the DS3650, DS3652 and the —55°C to +125°C range for the 
DS1650, 0816652. All typical values are for Ta = 25°C, Voc = 5V and Veg = —5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: A parameter which is of primary concern when designing with line receivers is, what is the minimum differential input voltage faauicd as the receiver input 
terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well known that design considerations of 
threshold voltage are plagued by input offset currents, bias currents, network source resistances, and voltage gain. As a design convenience, the DS1650, DS1652 
and the DS3650, DS3652 are specified to a parameter called input sensitivity (Vis). This parameter takes into consideration input offset currents and bias currents 
and guarantees a minimum Input differential voltage to cause a given output logic state with respect to a maximum source impedance of 200N at each input. 


Switching Characteristics (Vcc = 5 Vpc, Vee = —5 Voc, Ta = 25°C unless otherwise noted) 


Conditions | min | typ | Max_| 

tPHL(D) High-to-Low Logic Level Propagation DS1650/DS3650 | | oat [as | 
Delay Time (Differential Inputs) | ps1652/Ds3652 | 

(Fic gue 8) DS1652/DS3652 | | ao | os 

tPLH(D) Low-to-High Logic Level Propagation . DS1650/DS3650 —2+24 

Delay Time (Differential Inputs) DS1652/D$3652 


tpox(s) TRI-STATE to High Logic Level 
Propagation Delay Time (Strobe) ES! Bepsbesere 
tpHo(s) High Logic Level to TRI-STATE DS1650/DS3650 
Propagation Delay Time (Strobe) (Figure 9) 


tpoL(s) TRI-STATE to Low Logic Level 
Propagation Delay Time (Strobe). 
. tpLocs) Low Logic Level to TRI-STATE ; 
Propagation Delay Time (Strobe) Da teoorbeeeee Ly 
tPHL(S) High-to-Low Logic Level Propagation 0S1652/DS3652 
Delay Time (Strobe) (Figure 10) 


tPLH(S) Low-to-High Logic Level Propagation 0S1652/DS3652 
Delay Time (Strobe) 
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Electrical Characteristic Test Circuits 


0S1650/ 
DS3650, 
0S1652/ 
0S3652 


DS1650/ 
DS3659 


TL/F/5782-4 


ee eee ee 
ee DS1652/ a 650/ DS1652/ DS1650/ DS1652/ DS1650/ DS1652/ 
DS3650 DS3652 DS3650 DS3652 DS3650 DS3652 DS3650 DS3652 
+2.975V +3.,0V +3.0V GND 
—-3.0V —2.975V GND —3.0V 
+2.975V +3.0V +3.0V GND 
—3.0V —2.975V GND —3.0V 


+3.0V +3.0V +2.975V +2.975V GND GND +3.0V +3.0V 
—2.975V —2.975V —-3.0V —3.0V —3.0V —3.0V GND GND 


Channel A shown under test. Other channels are tested similarly. 
FIGURE 1. Icex, Vou and Vo. 


DS1650/ 
DS3650, 
DS1652/ 


0S1650/ DS3652 


DS3650, 
0S1652/ 


pastes Vin{s) OR “a 


VIL(S) 
1 


TL/F/5782-5 TL/F/5782-6 
FIGURE 2. Iccy and leg FIGURE 3. IHS) and lit(s) 
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DS1650/DS1652/DS3650/DS3652 


Electrical Characteristic Test Circuits Continued) 


DS1650/ 
DS3650 


TL/F/5782-7 
Note: Channel A shown under test, other channels are tested similiarly. Only 
one output shorted at a time. 


FIGURE 4. los 


DS1650/ 
DS3650, 
DS1652/ 
DS3652 


TL/F/5782-9 


Note: Channel A(—) shown under test, other channels are tested 
similarly. Devices are tested with V1 from 3V to —3V. 


FIGURE 6. hy. 
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0S1650/ 
DS3650, 
DS1652/ 
0S3652 


TL/F/5782-8 
Note: Channel A(—) shown under test, other channels are tested similarly. 
Devices are tested with V1 from 3V to —3V. 
FIGURE 5. Iq 


DS1650/ 
0S3650, 
DS1652/ 
DS3652 


TL/F/5782-10 
Note: Output of Channel A shown under test, other outputs are tested 
similarly for V1 = 0.4V and 2.4V. 
FIGURE 7. lorr 





AC Test Circuits and Switching Time Waveforms 


100 mV 


033650, 
0S3652 


TL/F/5782-11 
Note: Output of Channel B shown under test, other channels are tested similarly. 
S1 at “A” for DS1652/DS3652 
$1 at ‘B” for DS1650/DS3650 


C_ = 15 pF total for DS1652/DS3652 
Cy, = 50 pF total for DS1650/DS3650 


ov 
tPLH(O) tPHLID) 
Vou 


Eo 
Vou 
TL/F/5782-12 


Note: Ej waveform characteristics: 


trLH and tru, < 10 ns measured 
10% to 90% 

PRR = 1 MHz 

Duty Cycle = 50% 


FIGURE 8. Receiver Propagation Dealy tp_y(p) and tpyi(p) 


0S1650/ 
0S3650 
wy INS16 

OR EQuiv 


" 


; TL/F/5782-13 
Note: Output of Channel B shown under test, other channels are tested similiarly. 


[a [a fe fa 
toon [ eno | —cbsed | Open | s00F | 
rong) | GN | 100mv | Open | Gosoe | s0pF | 


C, includes jig and probe capacitance. 

Ein waveform characteristics: tr_y and ttH_L < 10 ns measured 10% to 90% 
PRR = 1 MHz 

Duty Cycle = 50% 


tPoL(s) 





3V 


Eg 





Vo 
TL/F/5782-14 


Ww, 
50% 


EIN 
av 


*PHO(S) 
Vou 
Ep Von -0.5¥ 
= 15V 


TL/F/5782-15 


i 50% 
tPOL(s) 
1.5V 


TL/F/5782-16 


f 50% 
tPOH(S) 


1.6V 


TL/F/5782-17 


FIGURE 9. Strobe Propagation Delay tp_qs), trois), tpHo(s) 2nd tpoH(s) 
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DS1650/DS1652/DS3650/DS3652 


AC Test Circuits and Switching Time Waveforms (Continuea) 


3V 
Ein 50% 
ov 


DS1652/ vin tPHL(S) 
0S3652 : re 
0 . 
5p 


Vo 
TL/F/5782-19 
Note: Ej waveform characteristics: 
trLH and try, < 10 ns measured 10% and 90% 
PRR = 1 MHz 
TL/F/5782-18 Duty Cycle = 500 ns 

Note: Output of Channel B shown under test, other channels 
are tested similarly. 


FIGURE 10. Strobe Propagation Delay tp_ts) and tpryt(s) 


-Schematic Diagrams 


DS1650/DS3650 


1/4 of circuit shown 


TO OTHER 
CIRCUITS 


TL/F/5782~20 
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Schematic Diagrams (Continued) 


DS1652/DS3652 


Ft ke 


1/4 of circuit shown 
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TL/F/5782-21 
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DS1691A/DS3691 


Ga National 


Semiconductor 


DS1691A/DS3691 (RS-422/RS-423) Line Drivers 


with TRI-STATE® Outputs 


General Description 


The DS1691A/DS3691 are low power Schottky TTL line 
drivers designed to meet the requirements of ElA standards 
RS-422 and RS-423. They feature 4 buffered outputs with 
high source and sink current capability with internal short 
circuit protection. A mode control input provides a choice of 
operation either as 4 single-ended line drivers or 2 differen- 
tial line drivers. A rise time control pin allows the use of an 
external capacitor to slow the rise time for suppression of 
near end crosstalk to other receivers in the cable. Rise time 
capacitors are primarily intended for waveshaping output 
signals in the single-ended driver mode. Multipoint applica- 
tions in differential mode with waveshaping capacitors is not 
allowed. 


With the mode select pin low, the DS1691A/DS3691 are 
dual-differential line drivers with TRI-STATE outputs. They 
feature £10V output common-mode range in TRI-STATE 
mode and OV output unbalance when operated with +5V 
supply. 


Connection Diagram 


With Mode Select LOW 
(RS-422 Connection) 


Vee RISE TIME CONTROL A 
INPUT A OUTPUT A 
INPUT B/DISABLE OUTPUT B 
MODE SELECT RISE TIME CONTROL 8 
GND RISE TIME CONTROL C 


INPUT C/DISABLE OUTPUT C 


INPUT D OUTPUT D 
Vee RISE TIME CONTROL O 


Top View TL/F/5783-1 


Truth Table 


Order Number DS1691AJ, DS369 1J, 
DS3691M, DS3691N or DS3691V 
See NS Package Number J16A, M16A, N16A or V20A 


Features 
m Dual RS-422 line driver with mode pin low, or quad RS- 
423 line driver with mode pin high 
m TRI-STATE outputs in RS-422 mode 
m Short circuit protection for both source and sink outputs 
@ Outputs will not clamp line with power off or in TRI- 
STATE 
@ 1002 transmission line drive capability 
m Low Icc and lee power consumption 
RS-422 
RS-423 


18 mA/driver typ 
28 mA/driver typ 


@ Low current PNP inputs compatible with TTL, MOS and 
- CMOS ; 
@ Pin compatible with AM26LS30 


With Mode Select HIGH 
(RS-423 Connection) 


Vec RISE TIME CONTROL A 


INPUT A OUTPUTA 


INPUT B/OISABLE OUTPUT B 


MODE SELECT RISE TIME CONTROL B 


GND RISE TIME CONTROL C 


INPUT C/DISABLE OUTPUT C 


INPUT D OUTPUT D 


Vee RISE TIME CONTROL D 


TL/F/5783-2 


INPUT B/DISABLE OUTPUT B 
RISE TIME 


MODE SELECT CONTROL B 


NC NC 


RISE TIME 
GND CONTROL C 


INPUT C/DISABLE OUTPUT C 


TL/F/5783-18 
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Absolute Maximum Ratings (note 1) Operating Conditions 
if Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. DS1691A 

Supply Voltage Voc ae. 


VEE —4.5 
Vcc 7V 
Vee -7V DS3691 


; nee Voc 4.75 
Maximum Power Dissipation* at 25°C VEE —4,.75 


Cavity Package 1509 mW 
Molded DIP Package 1476 mW 
SO Package 1051 mw 
Input Voltage 15V 
Output Voltage (Power OFF) £15V 
Storage Temperature —65°C to + 150°C 
Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 10.1 mW/°C above 25°C; derate molded DIP pack- 
age 11.9 mW/°C above 25°C. Derate SO package 8.41 mW/°C above 25°C. 


Temperature (Ta) 
DS1691A —55 
DS3691 0 


DC Electrical Characteristics (Notes 2, 3, 4 and 5) 


symbol__| Parameter | Conaiitions, =| min | typ | Max | units 
RS-422 CONNECTION, Vee CONNECTION TO GROUND, MODE SELECT < 0.8V 
| Hightevelinputvotage [| | 
F towLevelinputvotage | ————S~CS~SSC*dSCS*dCt 
i 
pywwsisv Tt | t0 
[| LowLevelinputCurent | Vn=oav || 80 | ~200 | 
| InputClampVotage | I= —t2mA || 88 
ate jYweav | | a6 | 60 | 
: | Vw=osv | | -36 | -60 | 
Differential Output Voltage Ry. = 1009 fvn=ov [| 2} oe | 
Bee EN ne OB) ne Bea 


Vos, Vos Common-Mode Offset Ri = 1002 25 
Voltage . 

|Vz| — |Vr\ Difference in Differential R. = 1000 

0.4 

Output Voltage 

Vos! — lVos| | Difference in Common- R, = 1002 a 
Mode Offset Voltage ° 

paoeae 


Vr -— Vy Ry = 1002, Voc = 4.75V 


Output Voltage Common- VDISABLE = 2.4V 
Mode Range 


Output Leakage Current Vomr = 10V 


Power OFF Vomr = —10V 


TRI-STATE Output Current Vemns tov {| | 
| Vown>-1ov | | 
a ee ee 


Output Short Circuit Current | Vin = 2.4V 
Supply Current Baas arse 
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_ DS1691A/DS3691 


AC Electrical Characteristics 1, = 25°c (Note 5) 


| OutputRiseTime |= 100.0, = 500 pF Figure) | 
| OutputFallTime |x = 100.0, = 800 pF Figure) | 
R_ = 1009, C, = 500 pF (Figure 1) — 
RL = 1009, C = 500 pF (Figure 1) aa 
RL = 4509, C, = 500pF,Co = 0pF (Figured) | | 
| TRISTATE Delay |, = 4509, 0, = 500pF,Co = OpF (Figue4) |_| 
RL = 4509, C, = 500pF,Co = OpF (Figure4 | | | 300 | 
R= 4500, C, = 500pF,Co = OpF (Figure4) | | _-250 | 350 | 


DC Electrical Characteristics (Notes 2, 3, 4 and 5) 


Symbol Conditions | Min | typ | Max | Units 


RS-423 CONNECTION, |Vcc| = |Vee|, MODE SELECT > 2V 


Vin___| HighLevelinputvottage | tk | 
Vi___| LowLevelinputvotage | TT 
F | HighLevel inputcurrent | Vw=24v | tt 
Ok 

| LowLevelinputCurrent | Vw=o4v |= 80 | ~200 

| InputCiamp voltage | w= -t2ma_— || 18 | 

R= %,(Note6) | v= av | 40 | 44 | 60 

| Moc®47eV | veo | -40 | -44 | -60 | 


(ecco (SINR erred ee 
Moo=475V | vw=o4av | -a6 | -a1 | | 
IVrl — [vr Vocl=IVeel=475v,R.= 4500 |_| oe | 04 | 
ixt 100 
. 
Isuew __| SlewControlCurent | 
ioe | Positive Supply Curent | Vin=o4vrn=e | S| 8 | 0 
| Negative SuppiyCurrent | Vin=O4Ar=co | S| 10 | ~222 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the —55°C to + 125°C temperature range for the DS1691A and across the 0°C to + 70°C range 
for the DS3691. Ail typicals are given for Vcc = 5V and Ta = 25°C. Voc and Veg as listed in operating conditions. ‘ 


Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltagos are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Symbols and definitions correspond to EIA RS-422 and/or RS-423 where applicable, 

Note 6: At —55°C, the output voltage Is +3.9V minimum and —3.9V minimum. 
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AC Electrical Characteristics 1, = 25°c (Note 5) 


symbol | ___Parameter_—— | Conditions | Min | Typ | Max | Units 
RS-423 CONNECTION, Vcc = 5V, Veg —5V, MODE SELECT = 2.4V 

| RiseTime | RL = 4509,0, = 500pF.C¢=0(Figuoz) | 

| Fatima | RL = 4509.0, = 500pF,C¢=ofFiguez) | 

| RisoTime | RL = 4509, 0, = 500 pFCo= 50 pF (Figures) | 

| FallTime | = 4509, 0, = 500pFCo = 50pF (Figuro3) | 

Ri = 4500, C_ = 500 pF, Co = 50 pF (Figure 3) 

RL = 4502, C. = 500 pF, Co = 0 (Figure 2) 

| Output PropagationDelay | Ry = 4509.0, = 500pF.0c=o/Fiuez) | __|_180 | 300 | 


WV 
INPUT —t, < 10 ns 


Ov 


0.9 Vgg/Ry 
OUTPUT 
*TEK CT2 CURRENT 


TRANSF. OR 
EQUIVALENT 0.1 Vgs/Ry 


OUTPUT 0.5 Vos/R 


TL/F/5783-4 


TL/F/5783-3 
FIGURE 1. Differential Connection 


3V 
INPUT tes 10 ns tes 10 ns 


O Ov 
OUTPUT 


OUTPUT 
TL/F/5783-5 


TL/F/5783-6 
FIGURE 2. RS-423 Connection 
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DS1691A/DS3691 


AC Test Circuits and Switching Time Waveforms (continued) 


2.5V 


INPUT tes 10 ns tes 10 ns 


ov 


OUTPUT 


TL/F/5783-7 


TL/F/5783-8 
FIGURE 3. Rise Time Control for RS-423 


INPUT B 


O 
INPUT B 


OUTPUT 


*TEK CT2 CURRENT 0.8 Vgg/Ry 
TRANSF. OR (INPUT A HIGH) 
EQUIVALENT 


OUTPUT 


(INPUT A LOW) 


TL/F/5783-10 
TL/F/5783-9 


FIGURE 4. TRI-STATE Delays 


Switching Waveforms 


MODE=1 UNBALANCED 
RS=423 OUTPUT 


MODE=0 BALANCED 
RS=422 OUTPUT 
Vos <0.4V 


MODE=0 BALANCED 
RS=422 OUTPUT 


Vos < 3V "i 
TL/F/5783-11 


FIGURE 5. Typical Output Voltage 





Typical Application Information 
Fully Loaded RS-422 Interface 


1/4 OS26LS32A 


TL/F/5783-13 


RS-422 Point to Point Application 


OPTIONAL TERMINATION 
1/2 Ds3691 RESISTANCE, RT= Zo, (Zo = 
CHARACTERISTIC IMPEDANCE 
OF THE CABLE). RT IS HIGHLY 
RECOMMENDED. 


1/4 DS26LS32A 
TL/F/5783-14 


Fully Loaded RS-423 Interface 


1/2 DS3691 


TL/F/5783-15 


1/2 DS3691 


TL/F/5783-16 
*Note: Controlled edge allows long- 
er stub lengths. Multiple Driv- 

ers are NOT allowed. 
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DS1691A/DS3691 


Typical Application Information (Continue) 


Dual RS-423 Inverting Driver 


INPUT A 


RISE TIME 
CONTROL B 


RISE TIME 
CONTROL C 


TL/F/5783-17 
Typical Rise Time Control Characteristics (Rs-423 Mode) 


Rise Time vs External Capacitor 


: 4a 


3 
w 
= 
- 
w 
-_ 
4 


CAPACITANCE (pF) 
TL/F/5783-12 
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miconductor 


ZA National 


DS1692/DS3692 TRI-STATE® Differential Line Drivers 


General Description 


The DS1692/DS3692 are low power Schottky TTL line driv- 
ers electrically similar to the DS1691A/DS3691 but tested 
to meet the requirements of MIL-STD-188-114A (see Appli- 
cation Note AN-216). MIL-STD-188-114A type 1 driver 
specifications can be met by adding an external three resis- 
tor voltage divider to the output of the DS3692/1692. The 
DS3692/1692 feature 4 buffered outputs with high source 
and sink current capability with internal short circuit protec- 
tion. 

With the mode select pin low, the DS1692/DS3692 are dual 
differential line drivers with TRI-STATE outputs. They fea- 
ture +10V output common-mode range in TRI-STATE and 
OV output unbalance when operated with +5V supply. 


Logic Diagram (1% Circuit Shown) 


INPUT A (D) 


TRI-STATE® 
DISABLE 


MODE 
SELECT 


Connection Diagram 


Vee RISE TIME CONTROLA 


INPUT A OUTPUT A 


DISABLE 1 OUTPUT B 
MODE SELECT RISE TIME CONTROL B 
GND RISE TIME CONTROL C 


DISABLE 2 OQUTPUTC - 


INPUT D OUTPUT D 


VEE RISE TIME CONTROL D 


TL/F/5784-2 
Top View 


Order Number DS1692J, DS3692J or DS3692N 
See NS Package Number J16A or N16A 


Multipoint applications in differential mode with waveshap- 
ing capacitors is not allowed. 


Features 
g Short circuit protection for both source and sink outputs 
@ 1002 transmission line drive capability 
mm Low Icc and leg power consumption 

Differential mode 28 mA/driver typ 
m Low current PNP inputs compatible with TTL, MOS and 

CMOS 

& Adaptable as MIL-STD-188-114A type 1 driver 


OUTPUT A (D) 


OUTPUT B (C) 


TL/F/5784-1 


Truth Table 


| Outputs 
A(O) | Disablet(2)| aco) | B.C) _| 





0 0 

0 1 

1 0 

1 1 TRI-STATE } TRI-STATE 
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DS1692/DS3692 


Absolute Maximum Ratings (Note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. DS1692 


Supply Voltage Voc 


Voc . 7V VEE 
VEE -7V DS3692 


Maximum Power Dissipation* at 25°C Voc 


Cavity Package 1509 mW VEE 
Molded Package 1476mw_ —_—« Temperature (Ta) 


Input Voltage 15V Rete 
Output Voltage (Power OFF) : +15V 
Storage Temperature "  —65°C to + 150°C 
Lead Temperature (Soldering, 4 sec.) 260°C 


*Derate cavity package 10.1 mW/°C; derate molded package 11.9 mW/°C 
above 25°C. 


Electrical Characteristics ps1692/ps3692 (Notes 2, 3 and 4) 


DS1692, Vcc = 5V + 10%, DS3692, Voc = 5V +5%, Ves CONNECTION TO GROUND, MODE SELECT < 0.8V 


Differential Output Voltage RL = 2 [Vn=ov | 25 | 36 | | 
VaB | V=o8v | -25 | -36 | | 


Voltage 
oe 

ome valeoe 

Mode Offset Voltage 

bined ana aC 
Isa Output Short Circuit Current Vin = 0.4V | Voa=6v | | 80s] 150 

faccasiuaa | Vos=ov_ | {| -80 | ~150 | 
Isp Output Short Circuit Current VIN = 2.4V | Voa=ov | {| 80 | ~150 | 

eel ee 
loc | Supply Curent | | ts | 80 


DS1692, Voc = 5V + 10%, Veg = —5V + 10%, DS3692, Voc = 5V +5%, Veg = —5 +5%, MODE SELECT < 0.8V 
E 


Differential Output Voltage | Ri = © Min = 24V fo I BB ll 
Differential Output Voltage | RL= 2002 | Vin = 2.4V eee 


vd Ned =WeehR, = 2000 |_| 00a | oa | 


ee a eS 


Pvw=oav [oo | 180 | 
[SewGonvorGument 
- Postve Sippy Curent | Va=oa== || | #0 
| Negev Suppy Curent | Vw=oae== | | —0 | 22 
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Electrical Characteristics (Notes 2 and 3) Veg < oV 


| Parameter | Conditions, =| Min | Typ | 
| High Levelinputvottage | | | 
| LowLevelinputvottage | | 
rr — 
ee ee 
ae ee) 
ee eee 


c69ES0/2691S0 


Vin = 0.4V 
Output Leakage Current Voc = Vee = OV | vo=tsv | | oof | o15 | 
seul ee eee er 


Switching Characteristics 1, = 25°c 


symbol | Parameter | Gonaitions, | Min_ | Typ | Max | Units 
Vcc = 5V, MODE SELECT = 0.8V 

| Ditferental Output Rise Time _| Fu = 1000, = 600pF (Fue) | | 120 | 200 | 

| Ditferental Output FallTime | Ru = 1000,, = 600pF (Figure) | | 120 | 200 | 

| Output PropagationDelay | A= 1009,0,= 600pF (Figure) | | 120 

| Output Propagation Delay | A= 1000, 0, = 500pF (Figure) | | 120 | 200 _| 

| TRISTATE Delay | FL = 1000, 0,= S00pF (Figurez) | | 180 | 250 | 

| TRISTATE Del | FL = 1000,0,= 5000 (Figurez) | | 180 | 260 _| 

Fu = 1000, 0, = 500eF (Figuroz) | | 80_| 150_| 

| TRISTATE Delay | FL = 100,06, = S00eF (Figuroz) | | 80 | 150_| 


| Ditferental Output Rise Time _| Fy = 2000,6, = 600pF (Figure) | | 190. | 300 
Pi = 2000, C1. = S00 pF (Figure) | | 190 | 300 _| 
| Output PropagationDelay | AL = 2000, = S00pF (Furey) | | 190 | 300 
| Output Propagation Delay | FL = 2000,G.~ s00pF (Figure) | | 190 | 300 _| 
| TRISTATE Delay | FL = 2000,G, = S00pF (Figuroa) | | 180 | 250 _| 
, 80 

| 


| Max _ | 
a 
| 08 | 
| too _ | 
| =200_| 


—200 





TRI-STATE Delay AL = 2009, C. = 500pF (Figure) |  —«|_-180. | 
TRISTATE Delay RL = 2000, C, = 500 pF (Figure2) | | 80 | 
TRI-STATE Delay RL = 2000, C, = 500 pF (Figure2) | | 80 | 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the — 55°C to + 125°C temperature range for the DS1692 and across the 0°C to + 70°C range for 
the DS3692. All typicals are given for Veg = 5V and Ta = 25°C. Vcc and Vee as listed in operating conditions. 


Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 
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DS1692/DS3692 


AC Test Circuits and Switching Time Waveforms 


av 
INPUT tS 10 ns tes 10h 


Ov 


0.9 Vgs/R_ 


OUTPUT OUTPUT 0.5 Vsg/Rr, 
*TEK CT2 CURRENT 0.1 Vgg/Ry. 


TRANSF. OR 
EQUIVALENT 


TL/F/5784~4 


TL/F/5784-3 
FIGURE 1. Differential Connection 


A. 
O INPUT B 
é 


‘e 
INPUT B 
© OUTPUT 


*TEK CT2 CURRENT 
TRANSF. OR 0.8 Vsg/Ry 
EQUIVALENT (INPUT A HIGH} 


QUTPUT 


(INPUT A LOW} 


TL/F/5784-5 TL/F/5784-6 
FIGURE 2. TRI-STATE Delays for DS1692/DS3692 
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Switching Waveforms 


INPUT / \ 


Vec 7 5V Veg = GND 


Z269ESA/2691SG 


6 (C) 

9 BALANCED 
MODE = 0 OUTPUT 
A(D) 


TL/F/5784-7 


Voc = 5V, Vee = -5V 


B(C) 


BALANCED 


MODE =0 OUTPUT 


A(D) 
TL/F/5784-8 
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DS16F95/DS36F95 


Semiconductor 


ZA National 


DS16F95/DS36F95. 


RS-485/RS-422 Differential Bus Transceiver 


General Description 


The DS16F95/DS36F95 Differential Bus Transceiver is a 
monolithic integrated circuit designed for bidirectional data 
communication on balanced multipoint bus transmission 
lines. The transceiver meets EIA Standard RS-485 as well 
as RS-422A. 


The DS16F95/DS36F95 offers improved performance due 
to the use of state-of-the art L-FAST bipolar technology. 
The L-FAST technology allows for higher speeds and lower 
currents by utilizing extremely short gate delay times. Thus, 
the DS16F95/DS36F95 features lower power, extended 
temperature range, and improved specifications. 

The DS16F95/DS36F95 combines a TRI-STATE® differen- 
tial line driver and a differential input line receiver, both of 
which operate from a single 5.0V power supply. The driver 
and receiver have an active Enable that can be externally 
connected to function as a direction control. The driver dif- 
ferential outputs and the receiver differential inputs are in- 
ternally connected to form differential input/output (I/O) bus 
ports that are designed to offer minimum loading to the bus 
whenever the driver is disabled or when Vcc = OV. These 
ports feature wide positive and negative common mode 
voltage ranges, making the device suitable for multipoint ap- 
plications in noisy environments. 


Connection Diagram 


8-Lead Dual-In-Line Package 


Voc 


Bl IN/OUT 
a{ BUS PORT 


GND 


TL/F/9629-1 
Top View 


Order Number DS16F95J, DS36F95J 
See NS Package Number JO8A 


The driver is designed to handle loads up to 60 mA of sink 
or source current. The driver features positive and negative 
current-limiting and thermal shutdown for protection from 
line fault conditions. 

The DS16F95/DS36F95 can be used in transmission line 
applications employing the DS96F172 and the DS96F174 
quad differential line drivers and the DS96F173 and 
DS96F175 quad differential line receivers. 


Features 
g Military temperature range 
fg Meets EIA Standard RS-422A and RS-485 
& Meets SCSI specifications 
a Designed for multipoint transmission 
g Wide positive and negative input/output bus voltage 
ranges 
a Thermal shutdown protection 
Driver positive and negative current-limiting 
High impedance receiver input 
Receiver input hysteresis of 50 mV typical 
Operates from single 5.0V supply 
Low power 28 mA max 
Pin compatible with DS3695 and SN75176A 


Function Tables 


Differential inputs | Enable | Output _| 
Vip 2 0.2V a ae 


H = High Level 
L = Low Level 
X = Immaterial 
Z = High Impedance (Off) 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Storage Temperature Range 
Ceramic DIP 


Lead Temperature F 
Ceramic DIP (Soldering, 60 sec.) 


Maximum Power Dissipation* at 25°C 
Cavity Package 

Supply Voltage 

Differential Input Voltage 


Enable Input Voltage 
*Derate cavity package 8.7 mW/°C above 25°C. 


—65°C to + 175°C 


300°C 


1300 mW 
7.0V 
+15V/—10V 
5.5V 


Recommended Operating 


Conditions 
Min Max Units 
Supply Voltage (Vcc) 
DS36F95 
DS16F95 
Voltage at Any Bus Terminal 
(Separately or Common Mode) 
(V| or Vem) 
Differential Input 
_ Voltage (Vip) 
Output Current HIGH (Io) 
Driver 
Receiver 
Output Current LOW (IoL) 
Driver 
Receiver 
Operating Temperature (Ta) 
DS36F95 
DS16F95 


5.25 
5.50 


—55 +25 +125 


Driver Electrical Characteristics over recommended operating conditions, unless otherwise specified 


(Notes 2 & 3) 


Parameter 


Input Voltage HIGH 


Symbol 
VIH 


Vou 
VoL 
Vic 
lVon1 
lVopal 


I, = —18mA 


Input Clamp Voltage 
Differential Output Voltage 


lo = OmA 


Min | 
eeeenine Sen ene ee [ 

Vi___| tnputvoltageLow | 
bod 

eee 


Units 
2.0 Vv 


Output Voltage LOW lo. = 55mA 0°C to + 70°C 
Differential Output Voltage R_ = 1009, Figure 7 | 20 | 225] | 


| Pu=s4n Fiver tS | 20 | 


Change in Magnitude of 
Differential! Output Voltage 
(Note 4) : 


Common Mode Output 
Voltage (Note 5) 


Change in Magnitude of 
Common Mode Output 
Voltage (Note 4) 


‘| Output Current (Note 8) 
(Includes Receiver |) 
Input Current HIGH “) Vp= 2.4V 
Input Current LOW Vv, = 0.4V 


Short Circuit Output 
Current (Note 9) 


AlVopl 
Figure 1 


Voc 


Vo = +12V 


Supply Current No Load 
(Total Package) 


Ry = 549 or 1000, . 





Output Disabled 


| =40°cto+1asc | || +02 | 
pareeree [LP 


a ee ee: 
[Outputs enabled | | | 8 
| Outputs Disabled | | | 25 
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DS16F95/DS36F95 


Driver Switching Characteristics Vcc = 5.0v, Ta = 25°C 


symbol Parameter | __—Conditions | Min | Typ | Max | Un 


top Differential Output Delay Time _ Ri = 600, Figure 3 [a0 | 16 | 20 | 
trp ‘Differential Output Transition Time | ao | 15 | 22 | 
tPLH Propagation Delay Time, . R, = 272, Figure 4 16 
Low-to-High Level Output 
tpHL Propagation Delay Time, 12 
High-to-Low Level Output : 
tzH Output Enable Time to High Level R_ = 1102, Figure 5 | 25 | 32 
tz Output Enable Time to Low Level RL = 1102, Figure 6 


tuz Output Disable Time from High Level RL = 1109, Figure 5 


ene 

ae a 

a 
tLz Output Disable Time from Low Level R, = 1100, Figure 6 | to 

eae ae 


25 


tLzL Output Disable Time from Low Level . Load per Figure § 
with Load Resistor to GND (Note 10) Timing per Figure 6 


tskKEW Driver Output to Output ' Ry, = 600 


Note 10: For more information see Applications Bulletin AB100. 


Receiver Electrical Characteristics 


Over recommended operating conditions, unless otherwise specified 


symbol Parameter 
VTH Differential Input High Vo = 2.7V, lo = —0.4mA 
Threshold Voltage. 
VTL Differential Input’ Low Vo = 0.5V, lo = 8.0 mA 
Threshold Voltage (Note 6) 
Vr+=Vr— | Hysteresis (Note 7) 


Vin Enable Input Voltage HIGH 


Vit Enable input VotageLow. | 


ia 
| 35 
eed 
Ped 
Vic Enable Input Clamp Voltage }h=-temati(‘i;;!C*OOC*‘*d 
Von Output Voltage HIGH Vip = 200 mv, 0°C to +70°C | 28 | 
‘| low = —400 pA, aed 

eae 

I eae 

Paes 

el 

cae 

fe 

Poe 

| 4 





Vip = ~200 my, 
ores 
High Impedance State Output 


Line Input Current (Note 8) _ - Other Input = OV Vv) = +12V 
: V; = —7.0V 


‘ Enable Input Current HIGH 
Enable Input Current LOW 
Input Resistance Reo oe case ee ts 14 
Short Circuit Output Current 
Supply Current (Total Package) Nets | Gupapenaee_f 


VoL Output Voltage LOW 


0 


BS 
2 
18 22 


20 
8 


< 
G 


2 
Outputs Disabled 2 


5 


n 


its 
s 





Propagation Delay Time, Vip = OV to +3.0V 
Low-to-High Level Output Cy = 15 pF, Figure 7 


Propagation Delay Time, 
High-to-Low Level Output 


OL = 18 pF, Figures 
OL = 5.0 pF, Figure 8 
Neun—ten ras win Doren KEV) | Baw? [aa 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Uniess otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS16F95 and across the 0°C to + 70°C range for 
the DS36F95. All typicals are given for Voc = 5V and Ta = 25°C. 


Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 


Note 4: AlVopl and A|Vog¢l are the changes in magnitude of Vop and Voc: respectively, that occur when the input is changed from a high level to a low level. 
Note 5: In ElA Standards RS-422A and RS-485, Voc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 


Note 6: The algebraic convention, where the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voltage levels only. 


Note 7: Hysteresis is the difference between the positive-going input threshold voltage, Vr+, and the negative-going input threshold voltage, Vy7_. 
Note 8: Refer to EIA Standard RS-485 for exact conditions. 
Note 9: Only one output at a time should be shorted. 





Parameter Measurement Information 


Vou lot Vox 


ENABLED +) op 


(Note 3) = — —— 


TL/F/9629-2 TL/F/9629-3 
FIGURE 1. Driver Vop and Voc FIGURE 2. Receiver Voy and Vo. 


GENERATOR 
(Note 1) 


(Note 2) 


TL/F/9629-4 


TL/F/9629-5 


FIGURE 3. Driver Differential Output Delay and Transition Times 
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DS16F95/DS36F95 


Parameter Measurement Information (continued) 


2.3V 


GENERATOR C, =15 pF 
(Note 1) .. (Note.2) 


TL/F/9629-6 


(Note 2) —L. 


GENERATOR (Note 3) 


(Note 1) 
VoFF=0Vv 


TL/F/9629~-8 TL/F/9629-9 
FIGURE 5. Driver Enable and Disable Times (tzy, tyz) 


5V 


CL =50 pF 
(Note 2) te 


GENERATOR "<9 " 
(Note 1) 7 a i Yo 


TL/F/9629~11 


TL/F/9629-10 
FIGURE 6. Driver Enable and Disable Times (tz:, tLz, ttzL) © 


GENERATOR 
(Note 1) 


Vou 


Vo 
TL/F/9629-13 
TL/F/9629-12 


FIGURE 7. Receiver Propagation Delay Times 
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Parameter Measurement Information (Continued) 


C, 
T (Note 2) 


GENERATOR 
(Note 1) 


TL/F/9629-14 


3V st to 1.5V $1 to =1.5V 
S2 OPEN $2 CLOSED 
oy. $3 CLOSED oy $3 OPEN 


tzy 
tzy 
Vou 
1.5V 


ov 


IN 


OUT 


TL/F/9629-15 TL/F/9629-16 


Vou 


OUT 


tuz 
3V st to 1.5V $1 to <1.5V 
IN 1.5V S2 CLOSED ; $2 CLOSED 
oy $3 CLOSED 53 CLOSED 
tuz 
0.5V 


21.3V Vo. 
TL/F/9629-17 TL/F/9629-18 


FIGURE 8. Receiver Enable and Disable Times 


Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, t < 6.0 ns, t} < 6.0 ns, Zo = 500. 
Note 2: C. includes probe and stray capacitance. 

Note 3: DS16F95/DS36F95 Driver enable is Active-High. 

Note 4: All diodes are 1N916 or equivalent. 


Typical Application 


UP TO 32 
TRANSCEIVERS 


TL/F/9629-19 


Note: 


The line should be terminated at both ends in its characteristic impedance, typically 1200. 
Stub lengths off the main line should be kept as short as possible. 
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 


ZA National 


Semiconductor 


DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 
Multipoint RS485/RS422 Transceivers/Repeaters 


General Description 


The DS3695, DS3696, DS3697 and DS3698 are high speed 
differential TRI-STATE® bus/line transceivers/repeaters 
designed to meet the requirements of EIA standard RS485 
with extended common mode range (+12V to —7V), for 
multipoint data transmission. 


The driver and receiver outputs feature TRI-STATE capabili- 
ty. The driver outputs remain in TRI-STATE over the entire 
common mode range of +12V to —7V. Bus faults that 
cause excessive power dissipation within the device trigger 
a thermal shutdown circuit, which forces the driver outputs 
into the high impedance state. The DS3696 and DS3698 
provide an output pin TS (thermal shutdown) which reports 
the occurrence of the thermal shutdown of the device. This 
is an ‘open collector” pin with an internal 10 kQ pull-up 
resistor. This allows the line fault outputs of several devices 
to be wire OR-ed. 


Both AC and DC specifications are guaranteed over the 0°C 
to 70°C temperature and 4.75V to 5.25V supply voltage 
range. 


Connection and Logic Diagrams 


TL/F/10408~1 


RI 


y } BUS OUT 
DO 


TL/F/10408-13 
Top View 


Features 

m@ Meets EIA standard RS485 for multipoint bus transmis- 
sion and is compatible with RS-422 

m 15 ns driver propagation delays with 2 ns skew (typical) 

m Single +5V supply 

m —7V to +12V bus common mode range permits +7V 
ground difference between devices on the bus 

m Thermal shutdown protection 

m High impedance to bus with driver in TRI-STATE or 
with power off, over the entire common mode range al- 
lows the unused devices on the bus to be powered 
down 

m Combined impedance of a driver output and receiver in- 
put is less than one RS485 unit load, allowing up to 32 
transceivers on the bus 

m@ 70 mV typical receiver hysteresis 


TL/F/10408-12 


} BUS IN 


} BUS OUT 


TL/F/10408~14 
Top View 


Order Number DS3695J, DS3696JU, DS3697J, DS3698J, DS3695N, 
DS3696N, DS3697N, DS3698N, DS3695TN, DS3696TN, DS3695TJ or DS3696TU 
See NS Package Number JO8A or NO8E 
NOTE: TS pin was LF (Line Fault) in previous datasheets. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage, Vcc 7V 
Control Input Voltages 7V 
Driver Input Voltage 7V 
Driver Output Voltages +15V/—10V 


Receiver Input Voltages 
(DS3695, DS3696) 


Receiver Common Mode Voltage 
(DS3697, DS3698) 


Receiver Output Voltage 


+15V/-—10V 


+25V 
5.5V 


Continuous Power Dissipation @ 25°C 
N Package 


Storage Temperature Range 
Lead Temperature (Soldering, 4 sec.) 


Recommended Operating 


Conditions 
Min 
Supply Voltage, Vcc 4.75 
Bus Voltage —7 
Operating Free Air Temp. (Ta) 
Commercial 0 
Industrial —-40 


Max 
5.25 


+12 


+70 
+85 


1.07W mW (Note 4) 
—65°C to + 150°C 
260°C 


Electrical Characteristics oc < tT, < +70°C, 4.75V < Vo¢ < 5.25V unless otherwise specified (Notes 2 & 3) 


Symbol] __—Parameter_ | Conaitions, | Min | Typ | Max | units 


Vop1 Differential Driver Output 
Voltage (Unloaded) 


Differential Driver Output 
Voltage (with Load) 


Vop2 (Figure 1) 


AVop Change in Magnitude of Driver 


Differential Output Voltage for 
Complementary Output States 


Driver Common Mode Output Voltage | (Figure 7) 


Change in Magnitude of Driver 
Common Mode Output Voltage 
for Complementary Output States 


Vi 
_| input Low Current _| 


Voc 
AlVocl 





[R= son: (ns-422)(Notes)| 2 | |_| 


R = 270; (RS-485) fas] || 
| fe 


R= 270 | || 30 | 
ries a) ee ee 
ee ee ee 
fiv=—1ama | = 18 


Vi. = 04V ||| 200 
Vin = 2.4V |_| | 20 | 


Input Current . DO/RI,DO/RI | Voc = OV or 5.25V | Vin = 12V | | | 1.0 | 
: RI, Ri DE/E = 0 = 
: ee en | || -o8 | 


TRI-STATE Current | DO, DO Voc = OV or §.25V, E = OV 
DS3697 & DS3698 —-7V <Vo < +12V 


Differential Input Threshold 
Voltage for Receiver 


+100 


AVrH_| Receiver Input Hysteresis Vom=ov to 


VoH 
VoL 


Receiver Output High Voltage lon = —400 pA Vagal dh — | 
Output Low Voltage RO lo. = 16 mA (Note 5) 


LF lo. = 8mA 


lozR 


OFF-State (High Impedance) Voc = Max 
Output Current at Receiver 0.4V < Vo < 2.4V 


Receiver Input Resistance —7V < Vom s +12V a ee 


Rin 


loc Supply Current No Load 


(Note 5) 


[Driver Outputs Enabled || 42 | 60_ 
[Driver Outputs Disabled | | 27 | 40 
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 


Electrical Characteristics (Continued) 
o°C < Ta < +70°C, 4.75V < Voc < 5.25V unless otherwise specified (Notes 2 & 3) 


Driver Short-Circuit Output Current Vo = —7V (Note 5) | | -250 | 
Vo = +12V (Note 5) | e250 | 
Receiver Short-CirouitOutputCurrent [Vo=0V ss CCSC*idt 18] 85 | mA 


Note 1: “Absolute Maximum Ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3: All typicals are given for Voc = 5V and Ta = 25°C. | 

Note 4: Derate linearly at 11.1 mW/°C to 570 mW at 70°C. ; 


Note 5: All limits for which Note 5 is applied must be derated by 10% for DS3695T and DS3696T. Other parameters remain the same for this extended temperature 
range device (—40°C < Ta < +85°C). 


Receiver Switching Characteristics (Figures 2,3 ana 4 


t $1 and S2 
PHL 


Closed 
ItpLH—-teHLl 
tz | CL=15pF,s2open | | St] tC 
tpHZ | CL =45pF,Stopen =| 5 | St 
tez | CL =15pF,s2open | 7 | St | 
tezH | CL=15pF,si1open =| 7 | St Tt 


Driver Switching Characteristics (Figures 5, 6 and 7) 


Symbol Conditions | min | typ | Max | Units 


SINGLE ENDED CHARACTERISTICS 


tPLH 
tPHL 
tskewltpLH-tpHL! 


ae Re ee 
= [a= tepr.Seopen |? it ts 


Differential Switching Characteristics (Figures 5 and @) 


Ci = Clo = 100 pF 


C1 = Cra = 100 pF 
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RECEIVER 
OUTPUT 


C 
ENABLED =— (INCLUDES PROBE 
ANO JIG 


0 Ji 
TL/F/10408-15 CAPACITANCE) 
FIGURE 1. Driver Vop and Voc 


TL/F/10408-3 
FIGURE 2. Receiver Propagation Delay Test Circuit 


f = IMHz: t, < 10ns 
tty s 10ns 


TL/F/10408-4 


Note: Differential input voltage may be realized by grounding RI and pulsing RI between +2.5V and —2.5V. 
FIGURE 3. Receiver Input-to-Output Propagation Delay Timing 


f= MHz: ty s 10ns 
+ tps 10ns 


OUTPUT 
NORMALLY LOW 


Ro 
OUTPUT 
NORMALLY HIGH 


TL/F/10408-5 


FIGURE 4. Receiver Enable/Disable Propagation Delay Timing 
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 


AC Test Circuits and Switching Waveforms (Continued) 


S1 
—Vec 


FROM OUTPUT. 
UNDER TEST $2 


L 
(INCLUDES PROBE 


AND JIG — , TL/F/10408-7 
CAPACITANCE) 


TL/F/10408-6 
Note: Unless otherwise specified the switches are closed. : 
FIGURE 5. Driver Propagation Delay and Transition Time Test Circuits 


t= 1MHz: t, <10ns 
t;<10ns 


TL/F/10408-8 


FIGURE 6. Driver Input-to-Output Propagation Delay Timing (Single-Ended) 


WV --~-~----——- - -+---- 
ery : f= MHz: t; < 10ns 
DE or E . tps 10ns 


TL/F/10408-9 


90% 
VpirF = Ypo-YD6 


TL/F/10408-10 
FIGURE 8. Driver Differential Transition Timing 
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Function Tables 


DS3695/DS3696 Transmitting 


Thermal | 
Shutdown Ts* 
(DS3696 en 


DS3695/DS3696 <——ee 


: 
H 


869€SG0/Z69ES/LIBSESG/969ESG/1S69ES0/S69ESA 


Thermal 
Shutdown 


X—Don't care condition 
Z—High impedance state 


*TS is an “open collector” output with an on-chip 10 kf pull-up resistor. 





Typical Application — 


DS36$5/083696 DS3695/DS3696 


DS3697/0S3698 


0S3695/DS3696 
TL/F/10408-11 
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DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 


Typical Performance Characteristics 


Voy" OUTPUT HIGH VOLTAGE-V 


VoL OUTPUT LOW VOLTAGE-V 


tou» teyy7PROPAGATION DELAYS=ns 


Driver Voy vs 
lon vs Temperature 


(T,=85°C, 70°C, 25°C, 0°C AND oan) 


10 20 30 40 50 60 70 
loy- OUTPUT HIGH CURRENT=mA 


Driver Vo. vs lot vs Vec 


10 20 30 40 50 60 70 
Io “OUTPUT LOW CURRENT-mA 


Driver Single-Ended Propagation 
Delay vs Temperature 


Ta TEMPERATURE=°C 


Driver Transition Time 


£,, te TRANSITION TIME=ns 


Voc=POWER SUPPLY VOLTAGE=V 


Voy OUTPUT HIGH VOLTAGE-V 


texip» teuip~DIFFERENTIAL PROPAGATION DELAYS-ns 


tery» tpyy PROPAGATION DELAYS=ns 


Driver Vou Vs Ion VS Vec 


10 20 30 40 50 60 70 
(gym OUTPUT HIGH CURRENT=mA 


Driver Differential Propagation 
Delay vs Temperature 


Ty TEMPERATURE=°C 


Driver Single-Ended Propagation 
Delay vs Vcc 


Vec=POWER SUPPLY VOLTAGE-V 


g 


L~CABLE LENGTH=FEET 
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Yoy~ OUTPUT LOW VOLTAGE-V 





teryp» tpyLp-DIFFERENTIAL PROPAGATION DELAYS-ns 


Driver Vo. vs 
lo_ vs Temperature 


(T,=85°%C, 70°C, 25°C, 0°C AND 40°C) 
10 20 30 40 50 60 70 
Igy OUTPUT LOW CURRENT-mA 


Driver Differential Propagation 
Delay vs Vcc 


VocPOWER SUPPLY VOLTAGE-V 


Driver Transition Time 
vs Temperature | 


Ty TEMPERATURE=°C 


Cable Length vs Data Rate 


Sith, == 10% Jitter 
BN WAN =o 20% Jitter 
TNIN 


CO 
=H NNN 


ome moe a) Nl 


DATA RATE=MBS 


TL/H/10408~16 





Typical Performance Characteristics (continued) 


Supply Current vs Supply Current vs Power Driver Ic¢c vs Switching 
Temperature Supply Voltage Frequency 


ae alll 
TAT 


log SUPPLY CURRENT=mA 
IgemSUPPLY CURRENT=mA 





B RR & & S&S BB BG 
Igc? SUPPLY CURRENT-mA 





a 
. aa 
0 23 50 


Tyo TEMPERATURE=°C Voc~POWER SUPPLY VOLTAGE=V SWITCHING FREQUENCY=MBS 


Driver Short 
Circuit Current Receiver Vou vs low Receiver Voy vs. 
vs Temperature vs Temperature lon VS Veco 


869€SA/Z69€SA/L969ESG/969ESG/LSE9ESC/S69ESG 


wa 


1,2(85°C, 70°C, 25°C, 0°C, AND =40°C)\ 
0 5 1 1 2 
Tyr TEMPERATURE=9C Igy OUTPUT HIGH CURRENT=maA Igy OUTPUT HIGH CURRENT=mA 


Voy OUTPUT HIGH VOLTAGE-V 


Iosp“DRIVER SHORT CIRCUIT OUTPUT CURRENT-mA 
Voy OUTPUT HIGH VOLTAGE-V 


Receiver Differential 
Propagation Delay 
vs Temperature 

23 


Recelver Vo. Vs lot Receiver Vo. vs 
vs Temperature lo. v8 Vcc 
A 04 





Vip OUTPUT LOW VOLTAGE-V 
Vp,~OUTPUT LOW VOLTAGE-V 


tpyy p~ DIFFERENTIAL PROPAGATION DELAY=ns 


15 
IgL- OUTPUT LOW CURRENT=mA Io, OUTPUT LOW CURRENT=mA Ty TEMPERATURE=°C 


Receiver Differential Receiver Short Receiver Short 
Propagation Delay Circuit Current Circuit Current 
vs Temperature vs Power Supply 


losp RECEIVER SHORT CIRCUIT CURRENT-mA 





terup> tpy_p-DIFFERENTIAL PROPAGATION DELAY=ns 
8 


Voc™POWER SUPPLY VOLTAGE-V Ty=TEMPERATURE=°C Voc~POWER SUPPLY VOLTAGE=V 
TL/H/10408-17 





1-115 


DS3695/DS3695T/DS3696/DS3696T/DS3697/DS3698 


Typical Performance Characteristics (Continued) 


Receiver Non-Inverting Receiver Non-Inverting Receiver inverting 
Input Current Input Current vs Input Current 
vs Temperature Power Supply Voltage vs Temperature 


Oo 


Q 














IyoINVERTING INPUT CURRENT=mA 





Iy7NONINVERTING INPUT CURRENT=mA 
IyTNON= INVERTING INPUT CURRENT=mA 


=0.6 (a a ee ee x 
10 20 30 40 50 60 70 475 485 495 5.05 5.15 5.25 10 20 30 40 50 60 70 
T= TEMPERATURE=°C Voc*POWER SUPPLY VOLTAGE=V Tyr TEMPERATURE=°C 


Receiver Inverting Hysteresis and Differential Hysteresis and 
Input Current vs Transition Voltage Differential Transition 
Power Supply Voltage vs Temperature Voltage vs Vcc 
































IyINVERTING INPUT CURRENT=mA 
Vi» Yr» Vy- TRANSITION VOLTAGE=mV 
Vay» Vrs Vyy- TRANSITION VOLTAGE=mV 





10 20 30 40 S0 60 70 475 485 495 505 515 5.25 
Voe7POWER SUPPLY VOLTAGE-V Tym TEMPERATURE=°C Voo=POWER SUPPLY VOLTAGE=V 


TL/H/10408-18 
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ZA National 


Semiconductor 


DS3695A/DS3695AT/DS3696A/DS3696AT 
Multipoint RS485/RS422 Transceivers 


General Description 


The DS3695A and DS3696A are high speed differential 
TRI-STATE® bus/line transceivers designed to meet the re- 
quirements of EIA standard RS485 with extended common 
mode range (+12V to —7V), for multipoint data transmis- 
sion. In addition they are compatible with requirements of 
RS-422. 


The driver and receiver outputs feature TRI-STATE capabili- 
ty. The driver outputs remain in TRI-STATE over the entire 
common mode range of +12V to —7V. Bus faults that 
cause excessive power dissipation within the device trigger 
a thermal shutdown circuit, which forces the driver outputs 
into the high impedance state. The DS3696A provides an 
output pin (TS) which reports the thermal shutdown of the 
device. TS is an “open collector” pin with an internal 10 kN. 
pull-up resistor. This allows the TS outputs of several devic- 
es to be wire OR-ed. 

Both AC and DC specifications are guaranteed over the 0°C 
to 70°C temperature and 4.75V to 5.25V supply voltage 
range. 


Connection and Logic Diagram 


Features 

@ Meets EIA standard RS485 for multipoint bus transmis- 
sion and is compatible with RS-422 

m 10 ns driver propagation delays (typical) 

m@ Single +5V supply 

m —7V to +12V bus common mode range permits +7V 
ground difference between devices on the bus 

m Thermal shutdown protection 

m High impedance to bus with driver in TRI-STATE or 
with power off, over the entire common mode range al- 
lows the unused devices on the bus to be powered 
down 

m Combined impedance of a driver output and receiver in- 
put is less than one RS485 unit load, allowing up to 32 
transceivers on the bus 

m 70 mV typical receiver hysteresis 


Molded Package, Small Outline (M) 


DS3695A 


TS goes low upon thermal shutdown 
Note: TS was LF (Line Fault) on previous datasheets. 


Top View 


TL/F/5272-1 


TL/F/5272-2 


Order Number DS3695A, DS3695AM, DS3695ATM, 
DS3696A, DS3696AM or DS3696ATM 
See NS Package Number M08A 
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DS3695A/DS3695AT/DS3696A/DS3696AT 


Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Min 
Office/Distributors for availability and specifications. 


Supply Voltage, Voc oo Bus Voltage -7 


Cone) Input Voltages aN Operating Free Air Temp. (Ta) 
Driver Input Voltage wv Commercial (DS3695AM) 0 
Driver Output Voltages +15V/—10V Industrial (DS3695ATM) —40 


Receiver Input Voltages +15V/—10V Commercial (DS3696AM) 0 
Receiver Output Voltage 5.5V Industrial (DS3696ATM) 


Continuous Power Dissipation @ 25°C - 
M Package 630 mW (Note 4) 


Storage Temp. Range —65°C to + 150°C 
Lead Temp. (Soldering 4 seconds) 260°C 


Supply Voltage, Voc 4.75 


Electrical Characteristics orc < T, < 70°C, 4.75V < Voc < 5.25V unless otherwise specified (Notes 2 & 3) 


Symbol Conditions | win_| typ | Max | units 

Vopt Differential Driver Output Vv 
Voltage (Unloaded) 

Vop2 _| Differential Driver Output (Figure 1) R = 50; (RS-422)(Note5)| 2 | | |v 


Voltage (with Load) 


AVop Change in Magnitude of Driver 

Differential Output Voltage For 

Complementary Output States 
Voc Driver Common Mode Output Voltage | (Figure 7) 
A|Voc| | Change in Magnitude of Driver 

Common Mode Output Voltage 

For Complementary Output States ; 


[R=e2rovnsass) | 16 | | 
R= e272 


ViH Input High Voltage 
Vib Input Low Voltage 
VoL Input Clamp Voltage 


Wie Input Low Current 





liq Input High Current 


vw=eav || a 
WN Input Current DO/AI, DO/AI | Veo = OV or 5.25V | Vin = 12V br =| aor 
= 


VTH Differential Input Threshold —-7V < Vom < +12V +02 
Voltage for Receiver ; 


AVTH Receiver Input Hysteresis lVm=ov ti (i‘C;O;O;*;*;*;*;*;C*dSCSCC*dt 
Vou Receiver Output High Voltage lon=—400nA— (tst—“‘éSOSOSOCS;éd kw dT] 
Vo. | OutputLowVoltage [RO | ln = 16maNotos) || 


lozR OFF-State (High Impedance) Voc = Max 
Output Current at Receiver 0.4V < Vo < 2.4V 


Rin Receiver Input Resistance —7V < Vom s +12V f a2 | | 
loc Supply Current No Load Driver Outputs Enabled ) | a2 | 
(Note) Driver Outputs Disabled 5 hen | 





1-118 


Electrical Characteristics 
0°C < Ta < 70°C, 4.75V < Voc < 5.25V unless otherwise specified (Notes 2 & 3) (Continued) 


[Parameter Conditions ___——_—_—'| Min | Typ | Max_ 
Driver Short-Circuit MO SIMIC) so See en 
Output Current 


Note 1: “Absolute maximum ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should be 
operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3: All typicals are given for Vcc = 5V and Ta = 285°C. 

Note 4: Derate linearly at 6.5 mW/°C to 337 mW at 70°C. 


Note 5: All limits for which Note 5 is applied must be derated by 10% for DS3695AT and DS3696AT. Other parameters remain the same for this extended 
temperature range device (— 40°C < Ta < +85°C). 


Receiver Switching Characteristics (Figures 1, 2and 3) 


Pe vi ere 
toute i eee 


Driver Switching Characteristics (Figures 4, 5and6) 


SINGLEENDED CHARACTERISTICS Legato 
tPLH Alpire = 600 a ae | ee ee 
tskewltpLH-tPHL ie a ee ee a 


Differential Switching Characteristics (Note 6, Figure 7) 


tPLH 








= 602 
= Clo = 100 pF 


ItpLHD-tPHLol 


Note 6: Differential Delays are defined as calculated results from single ended rise and fall time measurements. This approach in establishing AC performance 
specifications has been taken due to limitations of available Automatic Test Equipment (ATE). 


The calculated ATE results assume a linear transition between measurement points and are a result of the tdlloweis equations: ‘ 
(Tfb x Trb) — (Tra x Tfa) 
Trb — Tra — Tfa + Tfb 
Where: Ter = Crossing Point 
Tra, Trb, Tfa and Tfb are time measurements with respect to the input. 
See figure following page. 


Ter = 
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DS3695A/DS3695AT/DS3696A/DS3696AT 


Switching Time Waveforms 


TL/F/5272-5 


AC Test Circuits and Switching Waveforms 


TEST 
POINT Vec 


$I tk 
RECEIVER —wan— 


OUTPUT 


Cy 
(INCLUDES PROBE 
AND JIG 


CAPACITANCE) 
al 


: TL/F/5272-6 
FIGURE 1. Receiver Propagation Delay Test Circuit 


Vou f = IMHz:t, < 10ns 
Pe rtp < 10ns 
fo 


VOL 


Note: Differential input voltage may be realized by grounding Ri and pulsing RI between +2.5V and —2.5V 
FIGURE 2. Receiver Input-to-Output Propagation Delay Timing 


f= IMHz: t; < 10ns 
:t¢s 10ns 


Ro 
OUTPUT 
NORMALLY LOW 


Ro 
OUTPUT 
NORMALLY HIGH 
TL/F/5272-8 
FIGURE 3. Receiver Enable/Disable Propagation Delay Timing 
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TL/F/5272-7 © 


AC Test Circuits and wien Waveforms Coe) 


5000 9 -E— = 1004 
FROM OUTPUT oO Ri 
UNDER TEST LoWFF 
; =60n A pce 100pf 
rues PROBE ak 


CAPACITANCE) = TL/F/5272-10 


Note: Unless otherwise specified TL/F/5272-9 
the switches are closed. 


FIGURE 4. Driver Propagation Delay Test Circuits 


t= 1MHz:t.<10ns 
ts<10ns 


TL/F/5272-11 
FIGURE 5. Driver Input-to-Output Propagation Delay Timing (Single-Ended) 


f= MHz: t, < 10ns 
2 tps 10ns 


OUTPUT 
NORMALLY LOW 





OUTPUT 
NORMALLY HIGH 


TL/F/5272~12 


TL/F/5272-13 
FIGURE 7. Driver Differential Input-to-Output Propagation Delay and Differential Transition Timing 
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LV969ESG/V969ESG/LVS69ESC/VS6E9ESA 


DS3695A/DS3695AT/DS3696A/DS3696AT 


Function Tables 
DS3695A/DS3696A Transmitting 


Line 


| inputs aa eae 
| RE | pe | o | Condition | bo | bo | LFF (Dsas96a only) 


No Fault 
No Fault 
xX 
Fault 


DS3695A/DS3696A Receiving. | 
Ee ee ee EF (0sse9sa ony) 


=> +0.2V 
<—-0.2V 
Inputs Open** 


X — Don't care condition 

Z — High impedance state : 

Fault — Improper line conditions causing excessive power dissipation in the driver, such as shorts or bus contention situations 
* TF is an “open collector” output with an on-chip 10 kf. pull-up resistor. 

** This Is a fail safe condition : , 


Typical Application 


DS3695A/DS3696A | 036954 /0S3696A 


DS3697/0S3698 


DS3695A/DS3696A 


TL/F/5272-18 
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ZA National 


Semiconductor 


DS36950 


Quad Differential Bus Transceiver 


General Description 

The DS36950 is a low power, space-saving quad EIA-485 
differential bus transceiver especially suited for high speed, 
parallel, multipoint, computer 1/O bus applications. A com- 
pact 20-pin surface mount PCC package provides high 
transceiver integration and a very small PC board footprint. 
Timing uncertainty across an interface using multiple devic- 
es, a typical problem in a parallel interface, is specified— 
minimum and maximum propagation delay times are guar- 
anteed. 

Six devices can implement a complete IPI master or slave 
interface. Three transceivers in a package are pinned out 
for connection to a parallel databus. The fourth transceiver, 
with the flexibility provided by its individual enables, can 
serve as a control bus transceiver. 


Pinout and Logic Diagram 


koO =o 
Qa “roo 
smemenaen 
32 1 


20 19 
DS36950 


10 12 13 


5 
+ 
Wy) 
oe 


9 
a 
t 
ud 
[=) 


yu 
atv 
Zzaea 
oo °Oo 
TL/F/10602-1 
Order Number DS36950 
See NS Package Number V20A 


Features 

m Pinout for IPI interface 

Compact 20-pin PCC package 

& Meets EIA-485 standard for multipoint bus transmission 
@ Greater than 60 mA source/sink 

& Thermal Shutdown Protection 


DR2 (4) 
DE2 (5) 


DR3 (7) 
"DES (6) 


TL/F/10602-2 





1-123 


osé69ESA 





DS36950 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 7V 
Control Input Voltage 5.5V 
Driver Input Voltage 5.5V 


Driver Output Voltage/Receiver Input Voltage 
@ Voc = 5V —8V to +13V 


Receiver Output Voltage 5.5V 


Electrical Characteristics 


Continuous Power Dissipation @ 25°C 
V Package 
Derate V Package 13.9 mW/°C above 25°C 


Storage Temp. Range —65°C to + 150°C 
Lead Temp. (Soldering 4 Sec.) 260°C 


1.73W 


Recommended Operating 
Conditions 

Supply Voltage, Voc 

Bus Voltage 

Operating Free Air Temp. (Ta) 


4.75V to 5.25V 
-—7V to +12V 
0°C to + 70°C 


Over Recommended Operating Conditions, Unless Otherwise Specified (Note 2) 


symbol | ___—Parameter_—— | Gonditions | Min. | Typ | Max | Units 


DRIVER CHARACTERISTICS 


Differential Driver Output 
Voltage (Full Load) 


Differential Driver Output 
Voltage (Termination Load) 


VopL 


Vop 


AlVop! 


Change in Magnitude of Driver 
Differential Output Voltage for 
Complementary Output States 


Driver Common Mode Output 
Voltage (Note 5) 


Voc 


AlVocl 


IL = 60mA 
ane eel = 0V 


| RL = 1000 (EIA-422) = 1009 (EIA-422) 


(EIA-485) 


VoH Output Voltage HIGH 


VoL 
VIH 


VIL Input Voltage LOW 


Ry = 542 or 1002 
(Note 4) (Figure 1) 
(EIA-485) 


R_ = 5492 
(Figure 1) (ElIA-485) 


Mode Output Voltage 
loy = —55mA 
SPST ON 
aera ae RE 


a7 | s2° {| | 
eae ae 


| Input Voltage LOW 
| InputciampVottage | t= tema | 8s 
| InputHigh Curent | i= 2avinotes) | | 
|_InputLowCurent_ | i= oavinotes) | | 20 
Driver Short-Circuit | Vo==7v eines) | | =130 | 250 | 
Phe i | Vo=ov euaaa) | | -90 | ~ 180 | 
[Vo=+iav eaves) | | t30_ | 280 
RECEIVER CHARACTERISTICS 


Short Circuit Output Current Vo = OV (Note 9) | —1s | -28 | -75 | 
TRI-STATE® Output Current Vo = 0.4V to 2.4V mr 


VoL 


Vip = —0.20V, lol = 4mA 


Vo = Vou, !o = —0.4mA 
(ElA-422/485) 


Vo = Voi lo = 4.0mA 
(EIA-422/485) 


Vom = OV 


Output Voltage Low 
Differential Input High 
Threshold Voltage 
Differential Input Low 
Threshold ee (Note 6) 


| Hysteresis (Note?) (Note 7) 


| OutputVotage High | Vin = 0.20V,lon= -04ma | 24 | 30 | 
ee 
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Electrical Characteristics (continued) 
Over Recommended Operating Conditions, Unless Otherwise Specified (Note 2) 


symbol | ___—Parameter_ | Conaitions, | Min | Typ | Max | Units 
DRIVER AND RECEIVER CHARACTERISTICS 
[ enabiernputvotagstisn | ————=——S~s rw | —S«dCSC*d 
| EnableinputvolageLow | TT 
| Enable InputClampVoltage | i=-tema | | = 185 | 
Line Input Current Other Input = OV [vetiv | | os [| 4 | 
alsa PMe-w | | -o4s [| -o8 | 
Enable Input Current High VOH = 2.4V | nesordeE | | | 2 | 
Pee i So se 
Enable {nput Current Low VoL = 0.4V | RedorvE | | | -20 | 
ca ar a 
| Supply Current (Note 10) __ | _NoLoad,Outputsenabled || 75 
| Supply Current (Note 10) __| NoLoad,OutputsDisabled |_| 50] 70 


0S69ESA4 


Switching Characteristics over Recommended Operation Conditions 


symbol | Conditions, | min | typ | Max | Units 


DRIVER SINGLE-ENDED CHARACTERISTICS 


| Fs arnriqued tT tt 
| = arn(rgued tt 
| lien =towlSingleEndedskew | 
metoneeg ea 


RL = 1100 (Figure 5) 


Ry = 1100. (Figure 6) 


RL = 1102 (Figure 5) 
Ry. = 1102 (Figure 6) 
DRIVER DIFFERENTIAL CHARACTERISTICS 


Rise & Fall Time 


Differential Propagation 
Delays (Note 15) 


ltpLHD — tpHLpl Differential Skew 
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DS36950 


Switching Characteristics over Recommended Operation Conditions (Continued) 


symbol | Coneitions, | Min | typ | Max | Units 


RECEIVER CHARACTERISTICS 


Differential Propagation Delays 
CL = 50 pF, Vom = 1.5V (Figure 7) 


| 
O. = 15 pF 
ney 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” specify conditions for device operation. 

Note 2: Current into device pins is define as positive. Current out of device pins is defined as negative. All voltages are referenced to ground unless otherwise 
specified. 


Note 3: liq and |, includes driver input current and receiver TRI-STATE leakage current. 


Note 4: AlVop! and AlVogcl are changes in magnitude of Vop and Voc, respectively, that occur when the input changes state. 

Note 5: In EIA Standards ElA-422 and ElA-485, Voc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 
Note 6: Threshold parameter limits specified as an algebraic value rather than by magnitude. 

Note 7: Hysteresis defined as Vust = VtH ~— VTL- 

Note 8: |i includes the receiver input current and driver TRI-STATE leakage current. 

Note 9: Short one output at a time. 

Note 10: Total package supply current. 


- Note 11: All typicals are given for Voc = 5.0V and Ta = 25°C. 
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0S69ESG 


lot 
You 


Voc { 
| sill. * wk E 
£ — = = (-) 


TL/F/10602-3 FIGURE 2. Recelver Voy and Vor. 


TL/F/10602-4 


FIGURE 1. Driver Vop and Voc 


GENERATOR 


(Note 12) t 


* r 
TL/F/10602~5 Yo =OA=08B 


TL/F/10602-6 
FIGURE 3. Driver Differential Propagation Delay and Transition Timing . 


St to OA 
OUT 


GENERATOR 
(Note 12) 





TL/F/10602~7 51 to OB 


OUT 


_ TL/F/10602-8 


FIGURE 4. Driver Single-Ended Propagation Timing 
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DS36950 


Parameter Measurement Information (Continued) 


OV or 3V 


ee pF aE 


(Note 13) = 


ike oo. : ; TL/F/10602-10 
ote ae arts 
TL/F/10602-9 


$1 to OA for DI = 3V 
S1 to OB for DI = OV 


FIGURE 5. Driver Enable and Disable Timing (tpzp, tpHz) 
5V 


OV or 3V OUT 


GENERATOR 7 C, =50 pF 
(Note 12) lL. (Note 13) 
= : 0.5V 


—F Vo. 


TL/F/10602-12 


TL/F/10602-11 


$1 to OA for DI = OV 
S1 to OB for DI = 3V 


FIGURE 6. Driver Enable and Disable Timing (tpz:, tpiz) 


GENERATOR 
(Note 12) 


TL/F/10602~14 


TL/F/10602-13 
FIGURE 7. Receiver Differential Propagation Delay Timing 
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Parameter Measurement Information (Continued) 


Si 


1.5V 
=-1.5V ——m) 






GENERATOR 
(Note 12) 







3V 


ov 








Vou 

si isy OU 

$2 OPEN GND 

$3 CLOSED TL/F/10602-16 
3V 

RE 1.5V 
GND 
0.5V Vou 

$1 1.5V 

$2 CLOSED 1.3V 

$3 CLOSED TL/F/10602-18 


FIGURE 8. Receiver Enable and Disable Timing 


Alte 


(Note 13) 


OUT 


OUT 
S1 -1.5V 
$2 CLOSED 
$3 OPEN 


OUT 
$1 -1.5V 
$2 CLOSED 
S3 CLOSED 


Note 12: The input pulse is supplied by a generator having the following characteristics: 


f = 1.0 MHz, 50% Duty Cycle, t; and t, < 6.0 ns, Z9 = 509, 
Note 13: C, includes probe and stray capacitance. 
Note 14: Diodes are 1N916 or equivalent. 


(Note 14) 


1.5V 








$2 


5Y 


1,.5V 


tezL 


0.5V 
Vou 


1.5V 





TL/F/10602-15 
3V 


GND 


4.5V 


Vo. 
TL/F/10602-17 


3V 


GND 


1.3V 


Vor 
TL/F/10602-19 


Note 15: Differential propagation delays are calculated from single-ended propagation delays measured from driver input to the 20% and 80% levels on the driver 


outputs (See Figure 9). 


INPUT 


OB 


OA 


(Tfb x Trb) — (Tra x Tfa) 


CP = 
z) Trb — Tra — Tfa + Tfb 


Tra, Trb, Tfa, and Tfb are propagation delay 
measurements to the 20% and 80% levels. 


FIGURE 9. Propagation Delay Timing for Calculation of Driver Differential Propagation Delays 





TL/F/10602-20 


TCP = Crossing Point - 


0Ss69€SG 


DS36950 


Typical Performance Characteristics — 


- tpLup» tpyp DIFFERENTIAL PROPAGATION DELAYS-ns 


Vo. OUTPUT LOW VOLTAGE=V ty ty TRANSITION TIME=ns 


Vop~OUTPUT VOLTAGE DIFFERENCE-V 








Driver Differential Propagation 
Delay vs Temperature 











Tan TEMPERATURE=9C 


Driver Transition Time 
vs Vcc 








10 
4.75 5.00 ; 5.25 


Voc-POWER SUPPLY VOLTAGE=V -. 


sy 


Driver Vo_ vs lo. 
vs Temperature 











0 10 20 30 40 50 60 
Is OUTPUT LOW CURRENT=mA 


Driver Vop vs Io 
vs Vcc 














0 10 +20 30 -40 50. 60 
Ip- OUTPUT CURRENT=mA 


Vot~ OUTPUT LOW VOLTAGE=V 


totup» tpy_pnDIFFERENTIAL PROPAGATION DELAYS=ns 


VoyOUTPUT HIGH VOLTAGE=V 


tprup» tprLp~DIFFERENTIAL: PROPAGATION DELAYS=ns 





Driver Differential Propagation 
Delay vs Vcc 





Vec~POWER SUPPLY VOLTAGE-V 


Driver Von Vs Ion 
vs Temperature 














0 10 20 30 40 50 60 
Ioy7OUTPUT HIGH CURRENT=mA 


Driver Vo. vs Io. 
vs Vcc 


2.0 














0 10 20 30 40 50. 60 
Ig.“ OUTPUT LOW CURRENT=mA 


Receiver Differential 
Propagation Delay 
..vs Temperature 





Tan TEMPERATURE=9C 


1-130 


ty ty TRANSITION TIME-ns 


Voy7 OUTPUT HIGH VOLTAGE-V 


torup» teypp~DIFFERENTIAL PROPAGATION DELAYS-ns 


Vop™OUTPUT VOLTAGE DIFFERENCE-V 


Driver Transition Time 
vs Temperature 














Ty TEMPERATURE=°C 


Driver Vou VS lon 
vs Voc 











0 10 20 %30 40 SO 60 


IyPOUTPUT HIGH CURRENT=mA 


Driver Vop vs Io 
vs Temperature 

















0 10 20 30 40 50 60 


Ip? OUTPUT CURRENT=mA 


Receiver Differential 
Propagation 
Delay vs Vcc 





Voc~POWER SUPPLY VOLTAGE=V 


TL/F/10602-21 


Typical Performance Characteristics (continued) 


0S69ESG 


Receiver Von vs Ion Receiver Von vs lon Receiver Vo, vs lo. 
vs Temperature vs Temperature 


Voy OUTPUT HIGH VOLTAGE-V 
Vo, ~OUTPUT LOW VOLTAGE=V 


Voy OUTPUT HIGH YOLTAGE-V 


.0 3 
0.0 05 1.0 15 . 05 1.0 
OUTPUT HIGH CURRENT=mA Igy OUTPUT HIGH CURRENT=mA lo, OUTPUT LOW CURRENT=mA 


Receiver Vo; vs Io. Supply Current Power Supply Current vs 
vs Temperature Power Supply Voltage 


DE=L, RE=! 


Vo. > OUTPUT LOW VOLTAGE-V 
Iog*SUPPLY CURRENT=mA 
Iog*SUPPLY CURRENT=mA 


Ig p OUTPUT LOW CURRENT=-mA Tyo TEMPERATURE=C Voc™ SUPPLY VOLTAGE=V 


Driver Icc vs Switching 
Frequency 





Igg-SUPPLY CURRENT=mA 


SWITCHING SPEED=MBPS 
TL/F/10602-22 
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DS55107/DS55108/DS75107/DS75108/DS75208 


Za National 


Semiconductor 


DS55107/DS55108/DS75107/DS75108/DS75208 


Dual Line Receivers 


General Description 


The products described herein are TTL compatible dual 
high speed circuits intended for sensing in a broad range of 
system applications. While the primary usage will be for line 
receivers of MOS sensing, any of the products may effec- 
tively be used as voltage comparators, level translators, 
window detectors, transducer preamplifiers, and in other 
sensing applications. As digital line receivers the products 
are applicable with the SN55109/SN75109 and »A75110/ 
DS75110 companion drivers, or may be used in other bal- 
anced or unbalanced party-line data transmission systems. 
The improved input sensitivity and delay specifications of 
the DS75208 make it ideal for sensing high performance 
MOS memories as well as high sensitivity line receivers and 
voltage comparators. 


Input protection diodes are incorporated in series with the 
collectors of the differential input stage. These diodes are 


Connection Diagram 


useful in certain applications that have multiple Voc + sup- 
plies or Vcc + supplies that are turned off. 


Features 

m= Diode protected input stage for power “OFF” condition 

m@ 17 ns typ high speed 

= TTL compatible 

gm +10 mV or +25 mV input sensitivity 

@ +3V input common-mode range 

g@ High input impedance with normal Vcc, or Vcc = OV 

m@ Strobes for channel selection 

@ Dual circuits 

g Sensitivity gntd. over full common-mode range 

m Logic input clamp diodes—meets both “A” and “B” 
version specifications 

m +5V standard supply voltages 


Dual-In-Line Package 


INPUT 
2A 


INPUT INPUT NC 
1A 1B 


INPUT 


OUTPUT 


OUTPUT 
2Y 


STROBE 
2 


STROBE STROBE GNO 


1G Ss 
TL/F/9446-1 


Top View 


Order Number DS55107J, DS75107J, DS55108J, DS75108J, DS75208J, DS75107N, DS75108N or DS75208N 
See NS Package Number J14A or N14A 


Selection Guide 


Temperature — 
Package — 


Input Sensitivity — 


Output Logic | 
TTL Active Pull-Up DS55107 DS75107 
TTL Open Collector DS55108 DS75108 } DS75208 
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OC <Ta < +70° 


—55°C < Ta < + 125°C Cc 
Cavity Dip Cavity or Molded Dip 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Strobe Input Voltage 5.5V 
please contact the National Semiconductor Sales Storage Temperature Range —65°C to +150°C 
Office/Distributors for availability and specifications. Maximum Power Dissipation* at 25°C 


Supply Voltage, Vect iv Cavity Package 1308 mw 
Supply Voltage, Voc ~ -7V Molded Package 1207 mW 
Differential Input Voltage +6V Lead Temperature (Soldering, 4 sec) 260°C 


Common Mode Input Voltage , +5V *Derate cavity package 8.7 mW/°C above 25°C; derate molded package 9.7 
; mW/°C above 25°C. 


Operating Conditions 


DS55107, DS75107, 
DS55108 DS75108, DS75208 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. : 

Note 2. Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS55107 and DS55108 and across the 0°C to 
+70°C range for the DS75107, DS75108 and DS75208. All typical values are for Ta = 25°C and Vcc = SV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


DS55107/DS75107, DS55108/DS75108 
Electrical Characteristics ty < Ta < Tax (Notes 2, 3) 


Symbol| Parameter [Conditions —~—~S~S~S~Sw Sin | Typ | Mae | Units 


High Level Input Current Voc+ = Max, Voc— = Max, 75 A 
into A1, B1, A2 or B2 Vip = 0.5V, Vig = —3V to 3V # 


pA 


Low Level Input Current Voc+ = Max, Voc— = Max, 
into A1, B1, A2 or B2 Vip = —2V, Vic = —3V to 3V 


High Level Input Current Voc+ = Max, Vin(s) = 2.4V 
into G1 or G2 Voc— = Max 


| 
mre Ss & 
oO 


A 
A 


Low Level Input Current Voc+ = Max, Voc— = Max, ae 
into G1 or G2 Vit(s) = 0.4V 
igh Level Input Current intoS | Voc+ = Max, Vin(s) = 2.4V 


Woo= = Max Vin(s) = Max Voc+ 


ow Level Input CurrentintoS | Vec+ = Max, Vcc— = Max, 
Vitis) = 0.4V 


High Level Output Voltage Voc+ = Min, Voc— = Min, 
ILoaD = —400 pA, Vip = 25 mV, 
Vic = —8V to 3V, (Note 3) 


Low Level Output Voltage Voc+ = Min, Voc— = Min, 
IsINK = 16 mA, Vip = —25 mV, 
Vic = —3V to3V 


low High Level Output Current Voc+ = Min, Voc-— = Min 
VoH = Max Vcc +, (Note 4) 
los Short Circuit Output Current Voc+ = Max, Voc— = Max, 
(Notes 2 and 3) 
ICcH+ High Logic Level Supply Voc+ = Max, Vec— = Max, 
Current from Voc Vip = 25 mV, Ta = 25°C 
IocH— High Logic Level Supply Voc+ = Max, Voc— = Max, 
Current from Voc Vip = 25 mV, Ta = 25°C 


V| Input Clamp Voltage onGorS | Voc+ = Min, Voc— = Min, 


pA 
mA 


mA 





| iw) 
EA t 
a a 
nS | 
, w 
hb By 
2 to 


or ae: 
= id @ 
in 
| oO 
“NI 
° 


iv) 
Oo 


| 
— 
oi 


| 
ot 
nn 





lin = —12 mA, Ta = 25°C 
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DS55107/DS55 108/DS75 107/DS75108/DS75208 


Switching Characteristics vcc+. = 5V, Vec- = —5V, Ta = 25°C 


| Parameter | Conditions| Min | Typ | Max 


tPLH(D) Propagation Delay Time, Low to 
High Level, from Differential 
Inputs A and B to Output 


tPHL(D) Propagation Delay Time, High to 
Low Level, from Differential 
Inputs A and B to Output 


tPLH(S) Propagation Delay Time, Low to 
High Level, from Strobe Input G 
or S to Output 


tPHL(S) Propagation Delay Time, High to 
; Low Level, from Strobe Input G 
or S to Output 


R= 3900,C, = s0pF, | (Notes) | | 17 | 25 


— Ee ee ee 


ani ENS 1.8 
RL = 3900,0,=50pF | (Notes) | | 10 | 15 


reve 
RL = 9900,C,=50pF | (Notes) | | 8 | 15 | 


a 


Note 1: Differential input is +100 mV to —100 mV pulse. Delays read from 0 mV on input to 1.5V on output. 


Note 2: Only one output at a time should be shorted. 
Note 3: 0S55107/DS75107 only. 
Note 4: DS55108/DS75108 only. 


DS75208 


Electrical Characteristics oc < T, < +70°c 


symbol | ___Parameter_— | Conaitions, | Min | Typ | Max_| 


High Level Input Current 
into A1, B1, A2 or B2 
Low Level Input Current 
into A1, B1, A2 or B2 
High Level input Current 
into G1 or G2 

Low Level Input Current 
into G1 or G2 


High Level Input Current into S 


| Low Level Input Current into S 


Low Level Output Voltage 


High Level Output Current 

IocH+ High Logic Level Supply 
Current from Voc+ 

IocH— High Logic Level Supply 
Current from Voc— 

Vi Input Clamp Voltage on G or Ss 





Voc+ = Max, Vec— = Max, 
Vip = 0.5V, Vic = —3V to 3V 


Veco+ = Max, Voc— = Max, 
Vip = —2V, Vic = —3V to 3V 


Voor = Mex | Vw =24v | || 40 


Yoo= = Max | Vins) =Macvoos | | | 1 


Voc+ = Max, Voc— = Max, 
Vit(s) = 0.4V 


[Mwy =2ev | | a 
| Mins) =Maxveos | | | 2 


Voc+ = Max, Voc— = Max, . 
Vit(s) = 0.4V 


Voco+ = Min, Voc— = Min, 
IsiInK = 16 mA, Vip = —10 mV, 
Vic = —8V to 3V 

Vec+ = Min, Vec- = Min, 
Vouo = Max Voco+ 

Voc+ = Max, Voc— = Max, 
Vip = 10 mV, Ta = 25°C 
Voc+ = Max, Voc— = Max, 
Vip = 10 mV, Ta = 25°C 
Vec+ = Min, Vec- = Min, 





lin = —12mA, Ta = 26°C 
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tPLH(D) Propagation Delay Time, Low-to- 
High Level, from Differential 
Inputs A and B to Output 


tPHL(D) Propagation Delay Time, High-to- 
Low Level, from Differential 
Inputs A and B to Output 
tPLH(S) Propagation Delay Time, Low-to- 
High Level, from Strobe Input G 
or S to Output 
tPHL(S) Propagation Delay Time, High-to- 
Low Level, from Strobe Input G 
or S to Output 
Note 1: Differential input is +10 mV to —30 mV pulse. Delays read from 0 mV on input to 1.5V on output. 


Typical Applications 


802S2S0/801S2S0/Z01S2SG/801SSSd/ZolSssaq 


Basic Balanced-Line Transmission System 


(4A55/75107A) 


(4A55/75110A)/ TWISTED=PAIR OR EQUIVALENT ; 
‘(0S55/75110A) TRANSMISSION LINE (DS55/75107) — 


DATA Zo = 2 Ry 
INPUT 


IN At 
IN A2 





ROBE STROBE 
INHIBIT A COMMON 
INH A | | 
INH , ; RECEIVER 
COMMON 


TL/F/9446-2 
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DS55107/DS55108/DS75107/DS75108/DS75208 


Typical Applications (Continuea) 


Data-Bus or Party-Line System 


RECEIVER 1 


bel “ee 
STROBE 
COMMON 


RECEIVER 2 


P pss 
Pp 


RECEIVER $f.) 


ae 
COMMON ' 


ae 
COMMON 


TWISTED=PAIR LINE — 


DRIVER 1 


fi 
B 


* DATA DRIVER 2 
INPUT 
IN Al 


IN A2 


INHIBIT 
NA 
INH 
COMMON 


APPLICATION 


The DS55107, DS75107 dual line circuits are designed spe- 
cifically for use in high speed data transmission systems 
that utilize balanced, terminated transmission lines such as 


ofits 
B 


DRIVER 3 


oft 


IN At 
IN A2 


NH A 

INH 

COMMON 
TL/F/9446-3 


_25 mV (or.less). For normal line resistances, data may be 


twisted-pair lines. The system operates in the balanced re 


mode, so that noise induced on one line is also induced on 
the other. The noise appears common mode at the receiver 


input terminals where it is rejected. The ground connection . 


between the line driver and receiver is not part of the signal 
circuit so that system performance is not affected by circu- 
lating ground currents. : 


The unique driver output circuit allows terminated transmis- 


recovered from lines of several thousand feet in length. 
Line termination resistors (Rt) are required only at the ex- 
treme ends of the line. For short lines, termination resistors 
at the receiver only may prove adequate. The signal ampli- 
tude will then.be approximately: 

VpIFF = lojon) X Rt (2) 
Thé strobe feature of the receivers and the inhibit feature of 


the drivers allow the DS55107, DS75107 dual line circuits to 
be used in data-bus or party-line systems. In these applica- 


tions, several drivers and receivers may share a common 


sion lines to be driven at normal-line impedances. High | 


speed system operation is ensured since line reflections are 
virtually eliminated:-when terminated lines are used. Cross- 
talk is minimized by low signal amplitudes and low line im- 
pedances. 


The typical data delay in a system is approximately (30 + 
1.3L) ns, where L is the distance in feet separating the driv- 
er and receiver. This delay includes one gate delay in both 
the driver and receiver. 

Data is impressed on the balanced-line system by unbalanc- 
ing the line voltages with the driver output current. The driv- 
en line is selected by appropriate driver input logic levels. 
The voltage difference is approximately: 


VoirFF = Ya lovon) * Rt (1) 
High series line resistance will cause degradation of the sig- 
nal. The receivers, however, will detect signals as low as 
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transmission line. An enabled driver transmits data to all 
enabled receivers on the line while other drivers and receiv- 
ers are disabled. Data is thus time multiplexed on the trans- 
mission line. The DS55107, DS75107 device specifications 
allow widely varying thermal and electrical environments at 
the various driver and receiver locations. The data-bus sys- 
tem offers maximum performance at minimum cost. 


The DS55107, DS75107 dual line circuits may also be used 
in unbalanced or single line systems. Although these sys- 
tems do not offer the same performance as balanced sys- 
tems for long lines, they are adequate for very short lines 
where environment noise is not severe. 


The receiver threshold level is established by applying a DC 
reference voltage to one receiver input terminal. The signal 
from the transmission line is applied to the remaining input. 
The reference voltage should be optimized so that signal 





Typical Applications (Continued) 


swing is symmetrical about it for maximum noise margin. 
The reference voltage should be in the range of —3.0V to 
+3.0V. It can be provided by a voltage supply or by a volt- 
age divider from an available supply voltage. 


Unbalanced or Single-Line Systems 


INPUT rd 
y OUTPUT 
REF 


STROBES 
TL/F/9446-4 


Precautions in the Use of DS 1603, DS3603, DS55107, 
DS75107, DS75108 and DS75208 Dual Line Receivers 


The following precaution should be observed when using or 
testing DS55107, DS75107 line circuits. 


When only one receiver in a package is being used, at least 
one of the differential inputs of the unused receiver should 
be terminated at some voitage between —3.0V and +3.0V, 
preferably at ground. Failure to do so will cause improper 
operation of the unit being used because of common bias 
circuitry for the current sources of the two receivers. 


The DS55107, DS75107 and DS75108 line receivers fea- 
ture a common mode input voltage range of +3.0V. This 
satisfies the requirements for all but the noisiest system ap- 
plications. For these severe noise environments, the com- 
mon mode range can be extended by the use of external 
input attenuators. Common mode input voltages can in this 
way be reduced to +3.0V at the receiver input terminals. 
Differential data signals will be reduced proportionately. In- 
put sensitivity, input impedance and delay times will be ad- 
versely affected. 


The DS75108 line receivers feature an open-collector-out- 


put circuit that can be connected in the DOT-OR Iogic con- . 


figuration with other DS75108 outputs. This allows a level of 
logic to be implemented without addtional logic delay. 


Increasing Common Mode Input 


Voltage Range of Receiver 


DS55/75107 
DS55/75108 


STROBES 


TL/F/9446-5 


DS75108 Wired-OR Output Connections 
0S75108 


0S75108 
OUTPUT 


WIRED=OR 
CONNECTION 


TL/F/9446-6 
Circuit Differences Between “A” and Standard Devices 


The difference between the “A” and standard devices is 
shown in the following schematics of the input stage. 


“A” Devices 





TL/F/9446-7 


Standard Devices 


INPUT 
PROTECTION 
DIODES 


TL/F/9446-8 
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DS55107/DS55108/DS75107/DS75108/DS75208 


Typical Applications (Continue) 

The input protection diodes are useful in certain party-line 
systems which may have multiple V-++ power supplies and, 
in which case, may be operated with some of the V+ sup- 
plies turned off. In such a system, if a supply is turned off 
and allowed to go to ground, the equivalent input circuit 
connected to that supply would be as follows: 


“A” Devices 


INPUT tain me Ge! 


Standard Devices 


TL/F/9446-10 


TL/F/9446-9 


Schematic Diagrams 


This would be a problem in specific systems which might 
possibly have the transmission lines biased to some poten- 
tial greater than 1.4V. Since this is not a widespread appli- 
cation problem, both the “A” and standard devices will be 
available. The ratings and characteristic specifications of 
the “A” devices are the same as those of the standard 
devices. 


The »A55107A/DS55107A feature the “A” device input 
stage. 


| DS55107/DS75107, DS55108/DS75108, DS75208 


Vec*O 


Note 1: 1, of the dual circuit is shown. 
Note 2: *Indicates connections common to second half of dual circuit. 


ma 


O STROBE G 
© STROBES 


TL/F/9446~11 


Note 3: Components shown with dash lines are applicable to the DS55107, DS75207 and DS75107 only. 





ZA National 


Semiconductor 


DS55110A/1A55110A/DS751 10A/ A751 10A 
Dual Line Drivers 


General Description Features 


The DS55110A/1A55110A, DS75110A/4A75110A are @ Improved stability over supply voltage and temperature 
dual line drivers with independent channels, common supply ranges 

and ground terminals featuring constant current outputs. © Constant current, high impedance outputs 

These drivers are designed for optimum performance when —_&_ High speed: 15 ns max propagation delay 

used with the DS55107/DS75107, DS551 08/DS751 08 line a Standard supply voltages 


ISGRVPIS. & Inhibitor available for driver selection 

The output current of the DS551 10A/A55110A, o High common mode output voltage range 
DS75110A/A75110A is nominally 12 mA and may be (—3.0V to 10V) 

switched to either of two output terminals with the appropri- 4g +7 input compatibility 

ate logic levels at the driver input. 

Separate or common control inputs are provided for in- 
creased logic versatility. These control or inhibit inputs allow 
the output current to be switched off (inhibited) by applying 
low logic levels to the contro! inputs. The output current in 
the inhibit mode, lo(ofp, is specified so that minimum line 
loading is induced. This is highly desirable in system appli- 
cations using party line data communications. 


VOLLSZV"/VOLLSZSG/VOLLSSV"/voLLSSsa 


1 Extended temperature range 


Connection Diagram Function Table 


14-Lead Dual-In-Line Package 
and SO-14 Package 


Vt 

OUT A2 

OUT At 

INH COMMON 
OUT B1 

OUT B2 


TL/F/9619-1 
Top View 
Order Number DS55110AJ, DS75110Ad, 


»A55110ADM, 1 A75110ADC 
See NS Package Number J14A* 


Order Number DS75110AM or »A75110ASC 
See NS Package Number M14A 


Order Number DS75110AN or 1 A75110APC 
See NS Package Number N14A 


*For most current package information, contact product marketing. 
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DS55110A/A55110A/DS75110A/A75110A 


Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Maximum Power Dissipation* at’ 25°C 

please contact the National Semiconductor Sales Cavity Package 1360 mW 

Office/Distributors for availability and specifications. Molded Package 1040 mw 

Storage Temperature Range - SO Package 930 mW 
Ceramic DIP —65°C to + 175°C *Derate cavity package 9.1 mW/°C above 25°C; derate molded DIP package 
Molded DIP and SO-14 —65°C to + 150°C 8.3 mW/°C above 25°C; derate SO package 7.5 mW/°C above 25°C. 

Lead Temperature Suppy Voltage £7.0V 
Ceramic DIP (Soldering, 60 sec.) 300°C Input Voltage (Any Input) 5.5V 
Molded DIP and SO-14 Output Voltage (Any Output) —5.0V to +12V 

(Soldering, 10 sec.) 265°C 


Recommended Operating Conditions 


DS55110A/A55110A DS75110A/1:A75110A | Units 


Positive Supply Voltage (V+) 

Negative Supply Voltage (V~) 

Positive Common Mode Voltage (Vom *) 
Negative Common Mode Voltage (Vcy_) 
Operating Temperature (Ta) 


Electrical Characteristics 


Over recommended operating temperature range, unless otherwise specified. (Notes 2 and 3) 


Symbol | == Parameter =| _—SsCondiitions, = |_ Min | Typ | Max | 
Vin | _InputvoltageHIGH = | CE kt | 
Vi___|_Imputvottagecow | —‘ir 
Vic Voc=Miny=-12ma | | -o9 | -15 | 
lovon) On-State | Voo=MaxVo=tov | | 12 | 15 | 

Output Current Voc=MinVo=-30v | 65 | 12 | | 


loot) * Off-State Output Current Voc = Min, Vo = 10V 400 
(Inhibited Only) 
~ Input Current A, BorC Voc = Max, V; = 5.5V 4.0 
At Maximum Inputs , 


Input Voltage 


Input Current HIGH A, BorC Voc = Max, V| = 2.4V 
Input 


Input Current LOW A, Borc Voc = Max, V; = 0.4V 
Input 


I+ (On) Positive Supply Current Voc = Max, 
with Driver Enabled A&B Inputs at 0.4V, 


1—(on) Negative Supply Current C&D Inputs at 2.0V 
with Driver Enabled 
I+ (Off) Positive Supply Current Voc = Max, 
with Driver Inhibited A, B, C & D Inputs 
Ion Negative Supply Current at0.4Vv 
with Driver Inhibited 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 


should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS55110 and across the 0°C to + 70°C range for 
the DS75110. All typicals are given for Vcg = 5V and Ta = 25°C. 


Note 3: When using only one channel of the line drivers, the other channel! should be inhibited and/or its outputs grounded. 
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Switching Characteristics voc = +5v, Ta = 25°C 


Parameter bys 
(Output) 


Propagation Delay Time, LOW to HIGH | C, = 40 pF, AorB 1or2 
Propagation Delay Time, HIGH to Low | PL = 502 : 

See Test Circuit 
Propagation Delay Time, LOW to HIGH 


Propagation Delay Time, HIGH to LOW 


OUTPUT 2 


PULSE 
GENERATOR 


#1 


VOLLSZW"/WOLLSZSG/VOLLSSW"/WOLLSSSGa 


OUTPUT 1 
C, 
PULSE 40 pF 
GENERATOR 
#2 


INHIBITOR 
INPUT (9) 





TO OTHER CHANNEL 


eee a 


TL/F/9619-3 


Note 1: The pulse generators have the following characteristics: 

ty = ty = 10 ns +5.0 ns, ty; = 500 ns, PRR = 1.0 MHz, two = 1.0 ws, PRR = 500 kHz, Zo = 50. 
Note 2: C_ includes probe and jib capacitance. 
Note 3: For simplicity, only one channel and the inhibitor connections are shown, 


FIGURE 2. AC Test Circuit 





LOGIC 
INPUT 
4 0R2 50% 50% 
wi 


INHIBITOR 
INPUT OR 
INHIBITOR 
COMMON 


OUT 


TL/F/9619-4 
FIGURE 3. AC Waveforms 
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OUT Al OUT A2 


DS55110A/,A55110A/DS75110A/A75110A 


NH 
COMMON 


y 0104 


R110 
1kao 


OUT B1 OUT B2 


et ea 


Q106 


(| = CROSSUNDER 


FIGURE 1. Equivalent Circuit 
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TL/F/9619-2 





Typical Applications 


DATA 
IN 


DATA OUT 


INHIBIT 


SHIELD OR COMMON GROUND RETURN 
FIGURE 4. Simplex Operation 


TL/F/9619-5 


PORT 
ENABLES ; ; ENABLES 


DATA . DATA 
IN IN 


. SHIELD OR 
COMMON GROUND 
RETURN 


TL/F/9619-6 
FIGURE 5. Half-Duplex Operation 


Note 1: All drivers are DS75110A/pA75110A or DS55110A/4A55110A. Receivers are 0S75107 or DS75108. Twisted-pair or coaxial transmission line should be 
used for minimum noise and cross talk. 


Note 2: When only one driver in a package is being used, the outputs of the other driver should either be grounded or inhibited to reduce power dissipation. 
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VOLLSZW"/WOLLSZSG/VWOLLSSW”/VWOLLSSsa 


DS55113/DS75113 


Za National 


Semiconductor 


DS$55113/DS75113 Dual TRI-STATE® 


Differential Line Driver 


General Description 
The DS55113/DS75113 dual differential line drivers with 


TRI-STATE outputs are designed to provide all the features _ 


of the DS55114/DS75114 line drivers with the added fea- 
ture of driver output controls. There are individual controls 
for each output pair, as well as a common control for both 
output pairs. When an output control is low, the associated 
output is in a high-impedance state and the output can nei- 
ther drive nor load the bus. This permits many devices to be 
connected together on the same transmission line for party- 
line applications. 
The output stages are similar to TTL totem-pole outputs, but 
with the sink outputs, YS and ZS, and the corresponding 
active pull-up terminals, YP and ZP, available on adjacent 
package pins. . 


Connection Diagram — 


Features 

w Each circuit offers a choice of open-collector or active 
pull-up (totem-pole) outputs 

m Single 5V supply 

a Differential line operation 

m@ Dual channels 

TTL/LS compatibility ; 

High-impedance output state for party-line applications 

Short-circuit protection 

High current outputs 

Single-ended or differential AND/NAND outputs 

Common and individual output controls 

Clamp diodes at inputs 

Easily adaptable to DS55114/DS75114 applications 


Dual-In-Line Package 


2YS. 


128 1¥S 1YP 


2yP 


Positive logic: Y = AB 

Z = AB 
Output is OFF when 
C or CC is low 


1A 1B 1C GND 
TL/F/5785-1 


Top View 
Order Number DS55113J, DS75113J, DS75113M or DS75113N 
See NS Package Number J16A, M16A or N16A 


Truth Table 


= high level 
L = low level 
X = irrelevant 
2 = high impedance (OFF) 
*B input and 4th line of truth 
table applicable only to 
driver number 1 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage (Vcc) (Note 1) - 7V 
Input Voltage . 5.5V 
OFF-State Voltage Applied to 

Open-Collector Outputs 12V 
Maximum Power Dissipation* at 25°C 

Cavity Package 

Molded DIP Package 

SO Package 
Operating Free-Air Temperature Range 

DS55113 

DS75113 0°C to + 70°C 


*Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP pack- 
age 10.9 mW/°C above 25°C; derate SO package 8.01 mW/°C above 25°C 
(Note 2). 


1433 mW 
1362 mW 
1002 mW 


— 58°C to + 125°C - 


Storage Temperature Range 


Lead Temperature (1/16” from case for 
60 seconds): J Package 


Lead Temperature (1/16” from case for 
4 seconds): N Package 


Operating Conditions 


Min — 


Supply Voltage (Vcc) 
DS55113 4.5 
DS75113 4.75 
High Level Output Current (Io), 
Low Level Output Current (Io) 
Operating Free-Air Temperature (Ta) 
DS55113 —55 
DS75113 0 


—65°C to*+ 150°C 


Max 


5.5 
5.25 
—40 

40 


125 
70 


300°C 


260°C 


. Units 


Vv 

Vv. 
mA 
mA 


°C 
°C 


Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted) 


DS75113 


ae 


Low Level 

Input Voltage 

Input Clamp Voltage Voc = Min, || = —12 mA ; 

loH = —10mA 


High Level 
Output Voltage 


Voc = Min, Vin = 2V, 
Vi_ = 0.8V 


Low Level 
Output Voltage 


Output Clamp Voltage |Vcc = Max, !lo = —40 mA 


Off-State 
Open-Collector 
Output Current 


locott) 


Off-State (High- 
Impedance-State) 
Output Current 


Voc = Max, 
Output Controls 


Input Current at Voc = Max, V; = 5.5V 
Maximum Input fee 
Voltage 


High Level 


Conditions (Note 3) 


Ta = 125° 


Vcc = Max VoH = 12V 
VouH = 5.25V1 Ta = 25°C 


Taare | 


Ta = 28°C, Vo = Oto Voc 


i 
tasaec | | ot 
eS 

tl 


T 
(Note ( 
‘| High Level 
Input Voltage 


2. 
r=os [=] | 
2 


yp: 
4) 
3.4 


Yoo = Min, Viry='2¥ Mit = DEN slou'— "40m 


4 


me 


cae ae oO 
fo) 
or 


ho 
fo) 
Oo 


Voc = Max, Vj = 2.4V 
Input Current 

Voc = Max, V; = 0.4V 
Input Current 


Low Level 


Note 4) 


3.4 


ye) = 
o};]o : 


| 
= 
(oa) 


| 
a 
a 


H 





€LLSZSG/ELLSSSG 


DS55113/DS75113 


Electrical Characteristics 


Over recommended operating free-air temperature range (unless otherwise noted) (Continued) 


Short-Circuit Output Voc = Max, Vo = OV 

Current (Note 5) 

Supply Current All Inputs at OV, No Load 
(Both Drivers) Ta = 25°C 


Note 1: All voltage values are with respect to network ground terminal. 

Note 2: For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in the Thermal information section. 

Note 3: All parameters with the exception of OFF-state open-collector output current are measured with the active pull-up connected to the sink output. 
Note 4: All typical values are at Ta = 25°C and Vcc = 5V, with the exception of Icoc at 7V. 

Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Switching Characteristics Vcc = 5v, C, = 30 pF, Ta = 25°C 


ee | ee 
i | win | typ | Max { min | Typ | Max | 


Propagation Delay Time, Low-to _| (Figure 7) 
‘High-Level Output 

Propagation Delay Time, High-to 

Low-Level Output 


Output Enable Time to High Level | R= 1809, (Figure2)| | 7 | 15 | [| 7 | 20 | 
Output Enable Time to Low Level RL = 2500), (Figure 3) 


Output Disable Time from High Ri = 1800, (Figure 2) | fof af | 
Level 





Output Disable Time from Low ~ | Ry = 2500, (Figure 3) Fo tafay [ | | 
Level 
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Leb-t 





: w” 
2 INPUT 1A & 
(16) > 
Vcc S 
88) 
-- 
=: 
To 
OTHER 
} DRIVER oO 
ams 
o 
To] 
om 4 
5 
9 — 
Oo 
3 
o 
wn 
AND (4) (1) NAND a 
PULL-UP PULL-UP @ 
ave 1ZP 2 
3 
= 
3 
° 
2 
= 
108 
AND SINK (3) (2) NAND SINK 
OUTPUT OUTPUT 
1S 128 


COMMON OUTPUT (3) 
CONTROL CC 
(COMMON TO BOTH SIDES) 


OUTPUT (7) 
CONTROL 
1 


*These components common to both drivers. 
Resistor values shown are typical and in 2. 


(8) 
p— GND 


TL/F/5785-2 


€LLSZSG/ELLSSSG 


DS55113/DS75113 


AC Test Circuits and Switching Time Waveforms 


NAND 






























OUTPUT 3v 
INPUT 
ov 
Vou 
NAND 
Raa : ourPUT 
GENERATOR ae OL 
(NOTE 1) stor Von 
(NOTE 2)° 0 Gon 
Vor 
FIGURE 1. tp_y and tpy 
INPUT 
PULSE 
GENERATOR 
(NOTE 1) 
NAND Vv 
ici INPUT 
ouTPUT - 
| 
0 180 Von 
Lt | Ty _ ouTPUT 
\ CL Vorr™ OV 
L J 30 pF t 
‘i tes Se es TL wote2 | 
i 7 | 
Lc cds ect Ta Se ea es ee es ees ied 
FIGURE 2. tpzy and tpyz 
INPUT 
PULSE 
GENERATOR av 
(NOTE 1) eo 
250 
ave 
OUTPUT 
= \ 
qc: I ”. 
A OUTPUT 
NY CL ! 
0 30 pF t Vor 
L! See serene | Ti waren \ 
Jt : 1 
ee ee ee 
FIGURE 3. tpz, and tp_z 


Note 1: The pulse generator has the following characteristics: Zoyt = 50M, PRR = 500 kHz, tw = 100 ns. 
Note 2: C, includes probe and jig capacitance. 
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TL/F/5785-- 


<6ns 


f O.5V 
=] 


TL/F/5785-5 


Se ~— — 


Typical Performance Characteristics’ 





























Output Voltage vs Output Output Voltage vs Output Output Voltage vs Output 
Control Voltage Control Voltage Control Voltage 
6 
LOAD = §092 TO Vcc 
=- Veco = 5V 
= 5 s s eae 
& rc} 3 
= 4 = ra} 
3 S P=) 
> 3 Lerma = > 
= 
Elbo ffet eT) iE 
> 2 > 5 
be ee elevates 2 : 
( ( 1 
S SSEaeliae : 
0 
0 2 3 
Vj ~ INPUT VOLTAGE (OUTPUT CONTROL) (V) Vj - INPUT VOLTAGE (OUTPUT CONTROL) {V) V) - INPUT VOLTAGE (OUTPUT CONTROL) (V) 
' 
High Level Output Low Level Output 
Output Voltage vs Free-Air Voltage vs Output Voltage vs Output 
Temperature Current Current 
S Le), °s 5 
Pe Vou lon 10a) w Pe 
ts — < < 
Bog Lt tT 5 5 
E ane rT] S 
~ Von (igh = 40 mA} 5 La 
2 i se 
sees (ies ia aay dM ee Ed 8 3 
ee (DN ES ah a ag z z 
> > > 
a 0 
-75 -60 -26 0 25 50 75 100 125 0 -20 -40 -60 -80 -100 -120 0 2 40 60 80 100 120 
Ta - FREE-AIR TEMPERATURE (‘C) oH — OUTPUT CURRENT {mA} lot — OUTPUT CURRENT (mA) 
Supply Current (Both 
Supply Current (Both Drivers) vs Free-Air Supply Current (Both 
Drivers) vs Supply Voltage Temperature Drivers) vs Frequency 
100 
Voc» §V Veo=5V 
z 2 INPUTS GROUNDED z RL*= 
= £ NO LOAD £ 80 Fey =30pF 
z INPUTS GROUNDED r | | z = INPUTS: 3V SQUARE WAVE 
ms « a 
e c 60 
Rewer Ame 8 SCLIN |) ube TTT 
Fag tL | | Aimutsoren z a re TTT TTT 
2 —) Ss 
un a” a 
F F on ELUM TTT TT 
+ = 2 
0 0 
0 1 2 3 4 § 6 7 8 -75 -50 -25 0 25 50 75 100 125 0.1 04 1 4 10 40 100 
Vec - SUPPLY VOLTAGE (V) Ta - FREE-AIR TEMPERATURE (°C) t - FREQUENCY (MHz) 
Propagation Delay Times 
from Data Inputs vs Free-Air Output Enable and Disable 
Temperature Times vs Free-Air Temperature 








PROPAGATION DELAY TIMES 
FROM DATA INPUTS (ns) 





OUTPUT ENABLE AND DISABLE TIMES (ns) 


-75 -50 -25 0 25 50 75 100 125 -75 -§0-25 0 25 50 75 100 125 
Ta — FREE-AIR TEMPERATURE (’C) Ta — FREE-AIR TEMPERATURE (°C) 
TL/F/5785-7 


*Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55113 circuits only. These 
parameters were measured with the active pull-up connected to the sink output. 
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ELLSZSG/ELLSSSG 


DS55113/DS75113 


Typical Performance Characteristics* (continued) 


Vg — OUTPUT VOLTAGE (Vv) 


Output Voltage vs Data 


input Voltage 
6 





V) - DATA INPUT VOLTAGE (V) 


Vo — OUTPUT VOLTAGE (V} 


Output Voltage vs Data 
Input Voltage 
6 


NO LOAD 











BRr2==== 
Ce 
Ae hee 
BS i Saee 


0 1 2 3 
V, — OATA INPUT VOLTAGE (V) 





Vo — OUTPUT VOLTAGE (Vv) 


Output Voltage vs Output 
Control Voltage 





= 
0 1 2 3 4 
Vy — INPUT VOLTAGE (OUTPUT CONTROL} (V) 
TL/F/5785-6 


1 





*Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55113 circuits only. These 
parameters were measured with the active pull-up connected to the sink output. 
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Za National 


Semiconductor 


DS55114/DS751 14 Dual Differential Line Drivers 


General Description Features 
The DS55114/DS75114 dual differential line drivers are de- | ™ Each circuit offers a choice of open-collector or active 
signed to provide differential output signals with high current pull-up (totem-pole) outputs 


capability for driving balanced lines, such as twisted pair at m Single 5V supply 

normal line impedances, without high power dissipation. m Differential line operation 
The output stages are similar to TTL totem-pole outputs, but = Dual channels 

with the sink outputs, YS and ZS, and the corresponding gy TTL/LS compatibility 
active pull-up terminals, YP and ZP, available on adjacent ~ 
package pins. Since the output stages provide TTL compati- 
ble output levels, these devices may also be used as TTL 
expanders or phase splitters. 


m@ Designed to be interehangeable with Fairchild 9614 line 
drivers 

@ Short-circuit protection of outputs 

@ High current outputs 

a Clamp diodes at inputs and outputs to terminate line 
transients 

a Single-ended or differential AND/NAND outputs 

@ Triple inputs 


Connection Diagram 


Dual-In-Line Package 





TL/F/5786-1 
Top View ; 
Positive logic: Y = ABC 
Z = ABC 
Order Number DS55114J, DS75114J, or DS75114N 
See NS Package Number J16A or N16A 


Truth Table 





a ee ea ee ee 
H H H tH L 
All Other Input Combinations yok H 


H = high level 
L = low level 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


7V 


Lead Temperature (1/4_” from case 
for 4 seconds): N Package 260°C 


*Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/°C above 25°C (Note 2). 


DS55114/DS75114 


Supply Voltage (Vcc 
Input Voltage 


OFF-State Voltage Applied to 
Open-Collector Outputs 


Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

Operating Free-Air Temperature Range 
DS55114 
DS75114 

Storage Temperature Range 


Lead Temperature (14,_” from case 
for 60 seconds): J Package 


55V Operating Conditions 


Min 
tev Supply Voltage (Vcc) 
DS55114.* 
DS75114 
High Level Output Current (loH) © 
Low Level Output Current (Io,) 
Operating Free-Air 
Temperature (Ta) 
DS55114 
DS75114 © 


4.5 


1362 mW 


—55°C to + 125°C 
0°C to +70°C 
—65°C to + 150°C 
_ 300°C 


Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Parameter Conditions (Note 3) 


1 
0. lo 


Vir = 0.8V 


Low Level Output Voltage | Vcc = Min, Vi, = 2V, Vi = 0.8V, 
lo. = 40 mA 


Output Clamp Voltage Voc = 5V, lo = 40 mA, Ta = 25°C 
Voc = Max, Ilo = —40 mA, Ta = 25°C’ 


a 
Voc = Max Ta = 125°C 


Ta = 25°C 
Ta = 70°C 


Input Current at Maximum | Voc = Max, V; = 5.5V 1 

Input Voltage ae 

High Level Input Current |Vco = Max, Vi = 2.4V aol | 
Low Level Input Current |Vcoco = Max, V; = 0.4V = 


—1.6 
Short-Circuit Output Voc = Max, Vo =.0V : 40 
Current (Note 5) 


Supply Current Inputs Grounded, No Load, Vcco=Max | | 37 | 50] | 3 
(Both Drivers) Ta. 25°C Voc=7v |. | 47 | 5] | 47 


Note 1: All voltage values are with respect to network ground terminal. 

Note 2: For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in the Thermal information section. 

Note 3: All parameters, with the exception of OFF-state open-collector output current, are measured with the active pull-up connected to the sink output. 
Note 4: All typical values are at Ta = 25°C and Voc = 5V, with the exception of Icc¢ at 7V. 

Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 





_ 
—_ 


OFF-State Open-Collector 
Output Current 


Von = 5.25V 


1 
1.1 
7 


0 
1.6 

2 

70 
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Propagation Delay Time, 
Low-to-High-Level Output 


Propagation Delay Time 
High-to-Low-Level Output 


- INPUT 









PULSE 
GENERATOR 
(NOTE 1) 






Z NAND 
OUTPUT 


Pao oe TL inate 2) 


Note 1: The pulse generator has the following characteristics: Zguy = 5020, 
tw = 100 ns, PRR = 500 kHz. 


Note 2: C;, includes probe and jig-capacitance. 






TL/F/5786-3 


3V 
OV 


Vou 
Y 
OUTPUT 
VoL 


Vou 


z 
OUTPUT 





VoL 
TL/F/5786-4 


FIGURE 1 
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DS55114/DS75114 






Typical Performance Characteristics* 






















Output Voltage vs Data Output Voltage vs Data High Level Output Voltage | 
Input Voltage | Input Voltage vs Output Current 
~ | No Loap eo feihe flied tanzere| | | || 
s 5 ETAn2C s >. 4 | coal 
a 3 
<x 
e 4 a es a 3 
$ > = 
- 3 ts Tas = 55°C 5 
5 = = 
E E tf ai = 
- & COU 
a “Gener = 
0 0 0 
0 1 2 3 4 0 1 2 3 4 0 -20 -40 -80 -80 -100 -120 
Vy — DATA INPUT VOLTAGE {V) V, — DATA INPUT VOLTAGE (V) Ion — OUTPUT CURRENT (mA) 


TL/F/5786-5 


















Low Level Output Voltage Output Voltage vs Free-Air . ‘Propagation Delay Times vs 
vs Output Current Temperature Free-Air Temperature 
0 


vees4sv_[| | [ | | 





: 36 2 
= = 32 Von (lon = -10 ma) 1 m 2 
2 o & a = 
< 2.8 ~ 
= = > 
= S24 < 
$ ° Leen z 
a z 

E E Ee z 
= 16 3 

S Bo pee eich E 
if 0.1 ; a S 
5 © 08 = 
$ 0.4 Vor (Ip_ = 40 mA) © 

0 0p Vek ae) Cc OEE A SR 0 
0 10 20 30 40 50 60 70 80 -75 -50 -25 0 25 80 75 100 125 -75 -50-25 0 25 S0 75 100 125 


lox — QUTPUT CURRENT (mA) Ta — FREE-AIR TEMPERATURE (°C) Ta — FREE-AIR TEMPERATURE (°C) 
TL/F/5786- 
Supply Current (Both Drivers) Supply Current (Both Drivers) Supply Current (Both Driv: 
vs Supply Voltage vs Free-Air Temperature vs Frequency 






c=5V 
INPUTS GROUNDED 


coaeaes 











= 70 = 25°C z z 

r s SeEesEz = OUTPUTS OPEN aki = 

be - - 

: bars 

s INPUTS GROUNDED ™ | 5 ae Ny 5 

7 SCCCCPNSD)  § « Seuctiett 

Sea = CC CH 

r 20 we N 2 20 

ee ee ee 8 8 TM CO Cn 
a ; Sah 
01 2 3 4°5 6 7. 8 -75 -50-25 0 25 50 75 100 125 . . OF 04 1 4 10 40 100 

Vee ~ SUPPLY VOLTAGE (V) Tp, ~ FREE-AIR TEMPERATURE (°C) f— FREQUENCY (MHz) 





TL/F/5786~-7 


*Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55114 circuits only. These 
Parameters were measured with the active pull-up connected to the sink output. 


1-154 





DS55114/DS75114 


Schematic Diagram (Each Driver) 


2-992S/S/1L 
and go 


“swyo ut pue jeordAy are UMOYS SanjeA J0}SISAY 


(8) 
SZ SA 
ANdiNO ANIS LNdLNO ANIS 


ONVN ak 
O 

(pi ‘2) (Eb " 
dN-11Nd = =: d-11Nd 
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e 
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ee 
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DS55115/DS75115 


ZZNational 


Semiconductor 


DS55115/DS75115 Dual Differential Line Receiver 


General Description 


The DS55115/DS75115 is a dual differential line receiver 
designed to sense differential signals from data transmis- 
sion lines. Designed for operation over military and commer- 
cial temperature ranges, the DS55115/DS75115 can typi- 
cally receive +500 mV differential data with +15V com- 
mon-mode noise. Outputs are open-collector and give TTL 
compatible signals which are a function of the polarity of the 
differential input signal. Active output pull-ups are also avail- 
able, offering the option of an active TTL pull-up through an 
external connection. 


Response time may be controlled with the use of an exter- 
nal capacitor. Each channel may be independently con- 
trolled and optional input termination resistors are also 
available. 


Connection Diagram 


Dual-In-Line Package 


2 2 RESP 
2YP = STRB TIMECONT B2 apy 





1Y¥S 1YP 1 


‘RESP BI 1Ry Al 
STRB TIME CONT 


Top View 





Features 

m Single 5V supply 

m@ High common-mode voltage range 

m@ Each channel individually strobed 

m Independent response time control 

m Uncommitted collector or active pull-up option 
m TTL compatible output 

@ Optional 1302 termination resistors 

g Direct replacement for 9615 


Function Table 


+ L x H 
H L H 
H H L 


H = V; 2 Vin min or Vip more positive than Vy max 
L = V, < Vi_ max or Vip more negative than Vr_ max | 
X = irrelevant 


TL/F/5787~1 


Order Number DS55115J, DS75115J or DS75115N 


See NS Package Number J16A or N16A 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature Range 
Lead Temperature 


(A¢ inch from case for 4 seconds) 


—65°C to + 150°C 


260°C 


Supply Voltage, Vcc (Note 1) 7V *Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
Input Voltage at A, B and Ry Inputs +25V AOR WEG above 25°, 
Input Voltage at Strobe Input 5.5V Operating Conditions 
Off-State Voltage Applied to Open-Collector Outputs 14V Min Max Units 
Maximum Power Dissipation* at 25°C Supply Voltage, (Vcc) 
Cavity Package 1433 mW 0S55115 4.5 5.5 
Molded Package 1362 mW DS75115 4.75 5.25 
Operating Free-Air Temperature Range High Level Output Current (loy) —5 mA 
DSS5115 —55°C to + 125°C Low Level Output Current (Io) 15 mA 
DS57115 0°C to + 70°C ; 
Operating Temperature (Ta) 
DS55115 —55 125 °C 
DS75115 0 70 °C 


Electrical Characteristics (Notes 2, 3 and5) 


Symbol 
VTH 


VTL 


Parameter 


Differential elie steal Re tee | Low- 
Threshold elie steal Re tee | 










Conditions 


Vo = 2.4V, lon = —5 mA, Vic = 






DS75115 


mV 


| bsss115 
Unit 
[min | typ | Max | min [ typ [Max |" 


Differential Input High- Vo = 0.4V, lop = 15 mA, Vic = OV 
Threshold Voltage 
[ieee apes aa ea) 


mV 


Voltage Range to to to to Vv 
ane a alee -19 
= acc 3 
High Level Output Voltage | Voc = Min, Vip = —0.5V, ITa=Min | 22{ { [24{ | 
Taree aaa | oe em V 
Ta= Max} 24] | [a4] | 
| Low Level Output Voltage |Vog = Min, Vip = 0.8V,lo.=15mA | | 0.22 | 04 | | 0.22 | 0.45 | _V 
Low Level Input Current | Vcc = Max, V; = 0.4V, IT~=Minn| | |-o9| | | -o9| 
Otherinputatssv ” [ty= aso] | -08|=o7 | =08[=07] ma 
[eas eOr Ne S07) 
~ [High Level Strobe Current | Vcc = Min, Vip = —0.5V,{Ta= 25°C] | 05 | 2 | | o5 | 5 | 
Fieaeneaea oe ee Tta=Meax| [| | 5] | | 10 | * 
ial = TE 
VsTROBE = 0.4V 
a ea 
lo(oFF) Of -State Open-Collector |Voc = Min, Von = 12V, aS 2e = 25°C ae 
t —. 
mst ment °° Nis Ay Ec A 7 
Veo = Min, Von = 5.26V,[Ta= 26°C] | | | S| {100 | © 
il ais Ta=Max{ {| | Sf S| 200 | 
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DS55115/DS75115 


Electrical Characteristics (notes 2, 3 and 5) (Continued) 





DS75115 


Parameter "Conditions Han en | 
| Typ | Max | Min | Typ | Max_| 
Line Terminating Voc = 5V Ta = 25°C 
Short-Circuit Output | Voc = Max, Vo = OV, Ta = 25°C 45 ~14| —40 
Current Vip = —0.5V, (Note 4) 
Supply Current (Both | Voc = Max, Vip = 0.5V, | Ta = 25°C 32 
Receivers) Vic = OV 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for the actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS55115 and across the 0°C to + 70°C range for 
the DS75115. All typical values are for Ta = 25°C, Voc = 5V and Voy = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Unless otherwise noted, Vstroge = 2.4V. All parameters with the exception of off-state open-collector output current are measured with the active pull-up 
connected to the sink output. ; 







mA 





Switching Characteristics voc = 5v, Cc, = 30 pF, Ta = 25°C 





DS75115 


Baicdical ari ae bre a 
Propagation Delay Time, Low- RL = 3.9kQ, (Figure 7) 18 75 
to-High Level Output 
Propagation Delay Time, High- | ‘Ry = 3900, (Figure 1) 20 20 75 
to-Low Level Output 


Schematic Diagram 






Units 





Symbol 





RESPONSE 
TIME . 
Vec RT Vec STROBE CONTROL Vec 
© O) O ) 


(TREAT Add 
oT Uae Ca] coe 


INPUTA © 
ee ike al 7 ° 


SINK 
af o OUTPUT 
| Ria a eat | . a 
() ‘ 
10 | ie Vee | 150 
| | 


COMMON TO 
BOTH RECEIVERS 


z 
a 
i—7 
4 
i) 
O 
u | 


TL/F/5787-2 
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Typical Performance Characteristics (Note 3) 


1, — INPUT CURRENT (mA) 


Von — HIGH LEVEL GUTPUT VOLTAGE (V) 


Icc — SUPPLY CURRENT (mA) 





Input Current vs Input. 
Voltage 





-6 
—25 -20-15 -10-§ 0 §& 10 15 20 25 


Vj - INPUT VOLTAGE (V} 


High Level Output Voltage 
vs Output Current 


eaeeee Vip = -0.5V 


y | Tan2sc 














| TAY 

EeRRRA ie 

PT ee T TL WI 

BeBEREwi ee 

THR Rees oe 
0 


-10 -20 -30 -40 -50 
Igy — HIGH LEVEL OUTPUT CURRENT (mA} 


Output Voltage 
vs Differential Input Voltage 





02 41 0 0.1 0.2 
Vip — OIFFERENTIAL INPUT VOLTAGE (V) - 


Voz — LOW LEVEL OUTPUT VOLTAGE (V} Vo — OUTPUT VOLTAGE (V) 


Vo — OUTPUT VOLTAGE (V) 


Supply Current (Both Receivers) 


vs Supply Voltage 


NO LOAD 


o 41 2 3 4 5 6 7 8 
Voc — SUPPLY VOLTAGE (V) 


lpg — SUPPLY CURRENT (mA) 


Output Voltage vs 
Temperature 








Vor (Vip = 0.8V, tot = 15 mA) a” 

SS SS GN 

-15 -80 -25 0 25 50 75 100 125 
Ty — AMBIENT TEMPERATURE (°C) 


Low Level Output Voltage ° 
vs Output Current 





lot — LOW LEVEL QUTPUT CURRENT (mA) 


Output Voltage vs 
Strobe Input Voltage 





Vg - STROBE INPUT VOLTAGE (V) 


Vg — OUTPUT VOLTAGE (V) Vo — OUTPUT VOLTAGE (V) 


Vo — OUTPUT VOLTAGE (V) 


Supply Current (Both Receivers) 


vs Temperature 


Vee 5.5V 
BINPUT AT 5.5V 





-75 -50-25 0 25 50 75 100 125 
Tp, — AMBIENT TEMPERATURE (°C) 
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PROPAGATION DELAY TIMES (ns) 


Output Voltage vs 
Common-Mode 
Input Voltage 


eet | 





-25-20-15-10-5 0 5 10 15 20 25 
Vig — COMMON-MODE INPUT VOLTAGE (V) 


Output Voltage vs 
Differential Input Voltage 


Veco 75V 


rue LOAD = 2k to Vor 
(LLU 
A 


Ta=25°C atl Ta= 55°C | 





0 
0.2 0.1 0 0.1 0.2 
Vip — DIFFERENTIAL INPUT VOLTAGE (V) 


Output Voltage vs 
Strobe Input Voltage 





Vg — STROBE INPUT VOLTAGE (V) 


Propagation Delay Times 
vs Temperature 


Sel | [2 
(FIGURE 28) ps 
é | 

tpye (Ry = 390) 
ao aes 










0 
-75 -50-25 0 25 S50 75 100 125 
Ta — AMBIENT TEMPERATURE (°C) 
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DS55115/DS75115 


_— _—— a ee eS 


Frequency Response Control 


Frequency Response asa 
Function of Capacitance 


STROBE 
O 








10M 





= 
3 1M 

s 
RESPONSE 3 a 

CONTROL PIN & 

; 2 

Cr = 

: i = 
& 10k 

7 = 
TL/F/5787-5 : 3 1k 

Note: Cp (response control) > 0.01 wF may cause slowing of rise and fall 

times of the output. ; 100 


0.001 001 oof 4 10 


Cp — CAPACITANCE (uF) 
‘ TL/F/5787~6 


AC Test Circuit and Switching Time Waveforms 


OPEN 2.4V 
O 0 













PULSE 
GENERATOR 
(NOTE 1) 








RESPONSE i 
O TIMECONTROL = 
OPEN 


TL/F/5787-7 
Note 1: The pulse generator has the following characteristics: Zour = 509, PRR = 500 kHz/tw = 100 ns 


Note 2: C, includes probe and test fixture capacitance 


tesBns 


: 3V 
DIFFERENTIAL 
INPUT 


OUTPUT 
Vou 


FIGURE 1. Propagation Delay Time 





TL/F/5787-8 


Typical Application 
- « Basic Party-Line or Data-Bus Differential Data Transmission 
LOCATION 6 


LOCATION 3 





TWISTED 
PAIR 
_ LINE 


LOCATION 2 : LOCATION 4 


; DS75113 DRIVER DS75115 RECEIVER 


*Zg is internal to the DS55115/DS75115 
A capacitor may be connected in series with Zo to reduce power dissipation. 
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DS55121/DS75121 Dual Line Drivers 


General Description Features 

The DS55121/DS75121 are monolithic dual line drivers de- | ™ Designed for digital data transmission over 509. to 
signed to drive long lengths of coaxial cable, strip line, or 5002 coaxial cable, strip line, or twisted pair transmis- 
twisted pair transmission lines having impedances from 502 sion lines 

to 5002. Both are compatible with standard TTL logic and m TTL compatible 

supply voltage levels. ™ Open emitter-follower output structure for party-line 

The DS55121/DS75121 will drive terminated low imped- operation 


ance lines due to the low-impedance emitter-follower out- m Short-circuit protection 
puts. In addition the outputs are uncommitted allowing two mm AND-OR logic configuration 


Output short-circuit protection is incorporated to turn off the = Plug-in replacement for the SN55121/SN75121 and the 
output when the output voltage drops below approximately 8T13 
1.5V. ~ 
Connection Diagram Typical Performance 
7 Dual-In-Line Package ; Characteristics 


Output Current vs Output Voltage 
-300 


-250 
-200 
-150 


-100 





Io — OUTPUT CURRENT (mA) 


-50 


0 
0 0.5 1.0 1.5 202.5 3.0 3.5 4.04.5 5.0 1 








Vo — OUTPUT VOLTAGE (V) 





TL/F/5788-2 
TL/F/5788-1 


Top View Truth Table 
Order Number DS55121J, DS75121J or DS75121N : 
See NS Package Number J16A or N16A 


AC Test Circuit and Switching 
Time Waveforms | 





ov Veo . All Other Input 
i Combinations 






PULSE 
GENERATOR 
(NOTE 1) O OUTPUT 






CL 
(NOTE 2) 


TL/F/5788-3 





Note 1: The pulse generators have the following characteristics: 
Zout ~ 50, tw = 200 ns, duty cycle = 50%, t,, = ts = 5.0 ns. TL/F/5788-4 
Note 2: C; includes probe and jig capacitance. 
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Absolute Maximum Ratings (note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Supply Voltage, Vcc 4.75 5.25 Vv 
Office/Distributors for availability and specifications. Temperature, Ta 
Supply Voltage, Vcc 6.0V DS55121 —55 +125 °C 
Input Voltage 6.0V DS75121 0 +75 | 8G 
Output Voltage 6.0V 
Output Current “—75mA 
Maximum Power Dissipation* at 25°C 

Cavity Package 1371 mW 

Molded Package ~ 41280 mW 
Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 9.1 mW/°C above 25°C; derate molded package 
10.2 mW/°C above 25°C. 


Electrical Characteristics Vcc = 4.75V to 5.25V (unless otherwise noted) (Notes 2 and 3) 


Symbol . Parameter 


Vin___| High Leve! input Voltage aa ea rea 
Vi__| Low Leve! input Vottage Dee 





Vv Input Clamp Voltage 


t Input Current at Max Input Voltage | Voc = 5.25V, Vin = 5.5V 
VOH - High Level Output Voltage Vin = 2.0V, loy = —75 mA (Note 4) 


lou High Level Output Current Voc = 5.0V, Vin = 4.75V, Vou = 2.0V, 


Ta = 25°C (Note 4) 





lo Low Level Output Current Vi_ = 0.8V, VoL = 0.4V (Note 4) . 


— 
locorr) | Off State Output Current Voc = 0V,Vo = 3.0V° > ae ee 
hy High Level Input Current lveasy =—Ctti<‘“‘sSOS™SsSsé*LSCSCSCCSYd 

I___| Low Level Input Current [Meo ot | 
los Short Circuit Output Current Vcc =5.0V,TA= 250 iid 

ICcH Supply Current, Outputs High | Voc = 5.25V, All Inputs at 2.0V, OutputsOpen | || 28 
ICcL Supply Current, Outputs Low . | Voc = 5.25V, All Inputs at 0.8V, Outputs Open | | , 


Switching Characteristics Vcc = 5.0v, Ta = 25°C 


Parameter | Conditions =| in 
Propagation Delay Time, | Ri =379,(SeeACTestCircuit | C= 15pF |. |. 
Low-to-High Level Output | and Switching Time Waveforms) C. = 1000 pF | | aa | 50 | 
Propagation Delay Time, | R_ = 379, (See AC Test Circuit CL = 15 pF | | 80 | 20 | 
High-to-Low Level Output | and Switching Time Waveforms) C, = 1000 pF | fe 20 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. ; ; 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS55121 and across the 0°C to + 70°C range for 
the DS75121. All typical values are for Ta = 25°C and Vcc = 5V. . 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. : 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table for the desired 
output. ‘ : - 


| Max _| 
aa 
| 08 | 
er 
feast 
| =800_ 
| 500 _| 
ere 
| 30 | 














pit | 20 
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Semiconductor 


DS55122 
Triple Line Receiver 


General Description Features 
The DS55122 is a triple line receiver designed for digital ™ Built-in input threshold hysteresis 


data transmission with line impedances from 509 to 5009. =m High speed—typical propagation delay time 20 ns 


Each receiver has one input with built-in hysteresis which =m Independent channel strobes 

Provides a large noise margin. The other inputs on each == Input gating increases application flexibility 
receiver are in a standard TTL configuration. The DS55122 Single 5.0V supply operation 
is compatible with standard TTL logic and supply voltage 


levels: @ Fanout to 10 series standard loads 


m Plug-in replacement for the SN55122 | 


Connection Diagram Truth Table 
Dual-In-Line Package 


= high level, L = low level, X = irrelevant 


1 and 2 only. 





TL/F/10816-1 
Top View 
Order Number DS55122J 
See NS Package J16A 


AC Test Circuit and Switching Time Waveforms 






PULSE 
GENERATOR 
(NOTE 1) 






eeeacead 


= = > = OUTPUT 
TL/F/10816-2 


Note 1: The pulse generator has the following characteristics: Zoyy ~ 50, 
tw = 200 ns, duty cycle = 50%, t, = t; = 5.0 ns. 
Note 2: C, includes probe and jig capacitance. 
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t B input and last two lines of the truth table are applicable to receivers 
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Absolute Maximum Ratings (note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 4.75 5.25 Vv 
Office/Distributors for availability and specifications. Operating Temperature (Ta) 
Supply Voltage (Vcc) 6.0V DS55122 —55 = +125 ie 
Input Voltage High Level Output Current 
R Input 6.0V (lon) —500 pA 
A, B, or S Input 5.5V Low Level Output Current 
Output Voltage 6.0V (lo) 16 mA 
Output Current +100 mA 
Maximum Power Dissipation® at 25°C 1433 mW 
Storage Temperature Range —65°C to + 150°C 
Lead Temperature (Soldering, 10 sec.) 300°C 


*Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/°C above 25°C. 


Electrical Characteristics Voc = 4.75V to 5.25V (unless otherwise noted) (Notes 2 and 3) 


High Level Output Voltage lo = —500 pA 2.6 


Via) = OV, Viipy = OV, 
Vip) = 1.45V, Vig) = 2.0V, (Note 7) 


lon =16mA [Vin = 2.0V, Vu = 0.8, (Noto | || 04 |v 
Via) = OV, Vig) = OV, | | | es | 
Vi(R) = 1.45V, Vig) = 2.0V, (Note 8) 

ee ee 

[Low LevelinputCurrent |= 04VABorS tt 

Voc = 5.0V, Ta = 25°C, (Note 5) 

Voo = 5.25V 


Switching Characteristics Voc = 5.0v, Ta = 25°C 


[Parameter ———=~S*| SSS ottons «|i | Typ | Max 
Propagation Delay Time, Low-to-High (See AC Test Circuit and Switching 
Level Output from R Input Time Waveforms) 
Propagation Delay Time, High-to-Low (See AC Test Circuit and Switching 20 F 0 
Level Output from R Input Time Waveforms) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with respect to network 
ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of —55°C to +125°C for DS55122 and 0°C to +75°C for DS75122, unless 
otherwise specified. Typicals are for Vcc = 5.0V, Ta = 25°C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table for the desired 
output. 























Low Level! Output Voltage 





















tPLH 






Note 5: Not more than one output should be shorted at a time. 

Note 6: Hysteresis is the difference between the positive going input threshold voltage, V7 +, and the negative going input threshold voltage, Vr_. 
Note 7: Receiver input was at a high level immediately before being reduced to 1.45V. 

Note 8: Receiver input was at a low level immediately before being raised to 1.45V. 
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Typical Performance Characteristics 


eclsssa 


Output Voltage vs 
Receiver Input Voltage 






| 

areas | UT TTT 
SERA R ERIS 
OT 
PL LL Weel eT 
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Ea Say 
Rea RR REE 
0 02 04 06 0.81.01.2 1.41.6 1.8 2.0 
V— INPUT VOLTAGE (V) 
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Vg — OUTPUT VOLTAGE (V) 
Pa 






fo) 
o WwW 





TL/F/10816—4 


Typical Applications 


Single-Ended Party Line Circuits 





TL/F/10816-5 


R 
INPUT 
The high gain and built-in hystersis of the DS55122 
line receiver enables it to be used as a 
Schmitt trigger in squaring up pulses. 


OUTPUT 





TL/F/10816-6 
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DS75123 


ZA National 


Semiconductor 


DS75123 Dual Line Driver 


General Description 


The DS75123 is a monolithic dual line driver designed spe- 
cifically to meet the I/O interface specifications for BM Sys- 
tem 360. It is compatible with standard TTL logic and supply 
voltage levels. 

The low-impedance emitter-follower outputs of the 
0S75123 enable driving terminated low impedance lines. In 
addition the outputs are uncommitted allowing two or more 
drivers to drive the same line. 

Output short-circuit protection is incorporated to turn off the 
output when the output voltage drops below approximately 
1.5V. 


Connection Diagram 


Dual-In-Line Package 


Vcc F2 E2 D2 c2 B2 A2 Y2 





1A BI C1 ot El FI Yi GND 
TL/F/5790-1 
Top View 


Order Number DS75123J or DS75123N 
See NS Package Number J16A or N16A 


AC Test Circuit and Switching 
Time Waveforms 


3.0V Vee 
O 







PULSE 
GENERATOR 
(NOTE 1) 













| 
ae 


Features 

& Meet IBM System 360 I/O interface specifications for 
digital data transmission over 50M to 5002 coaxial ca- 
ble, strip line, or terminated pair transmission lines 

TTL compatible with single 5.0V supply 

© 3.11V output at loy = —59.3 mA 

& Open emitier-follower output structure for party-line 
operation 

Short circuit protection 

AND-OR logic configuration 

g Plug-in replacement for the SN75123 and the 8723 


Typical Performance 
Characteristics 


Output Current vs Output Voltage 





rd 

£& 

we Cereae 

SRE RSERGRE 
3 hs 2 

— 

> 

F TTTLIN UL 
= 

oO 

{ 

2 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.6 4.0 4.5 5.0 
Vo — OUTPUT VOLTAGE (V) 
TL/F/579 
Truth Table 






fAleici|olelF| 
All Other Input 
Combinations 






L 





H=High level, L=Low level, X= Irrelevant 


© OUTPUT 


C, 
(NOTE 2) 





TL/F/5790~-2 


TL/F/5790 ~4 


Note 1: The pulse generators have the following characteristics: Zgyt ~ 50, tw = 200 ns, duty cycle 


= 50%. 
Note 2: C,_ includes probe and jig capacitance. 
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Absolute Maximum Ratings (Note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min Max 
please contact the National Semiconductor Sales Supply Voltage, Vcc 4.75 5.25 
Office/Distributors for availability and specifications. High Level Output Current, —100 


Supply Voltage, Vcc 7.0V lou 
Input Voltage 5.5V Temperature, Ta . +75 
Output Voltage 7.0V 


Maximum Power Dissipation* at 25°C 
Cavity Package 1371 mW 
Molded Package 1280 mW 


Operating Free-Air Temperature Range 0°C to + 75°C 
Storage Temperature Range —65°C to + 150°C 


Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 9.1 mW/°C above 25°C; derate molded package 
10.2 mW/°C above 25°C. ; 


Electrical Characteristics (Notes 2 and 3) 


Symbol Parameter 
VIH High Level Input Voltage 


Vu__| Low Level input Vottage Pee he eee 


V| Input Clamp Voltage Voc = 5.0V, || = -—12mA 


I Input Current at Max Input Voltage | Voc = 5.25V, Vin = 5.5V 


VoH High Level Output Voltage Voc = 5.0V, Vin = 2.0V, | Ta =25° 
lou = —59.3 mA, (Note 4) TA = 0°Cto +75°C 29 


< 
mo) 


ioe) 
=" 
— 


Voc = 5.0V, Vin = 4.5V, Ta = 25°C, 


lon High Level Output Current 


\ 
ss 
° 
f=) 





-| Von = 2.0V, (Note 4) 


VoL Low Level Output Voltage 
lo(orF) | Off State Output Current 
lH High Level Input Current 
He Low Level Input Current : 
los Short Circuit Output Current 
IocH Supply Current, Outputs High 
loci Supply Current, Outputs Low 


oj} | 
s138lEl] am 
als 


| 
oO 
— 


Switching Characteristics voc = 5.0v, Ta = 25°C 
Parameter 


Propagation Delay Time, Low- | Ry = 509, (See AC Test Circuit | CL. = 15 pF 
to-High Level Output and Switching Time Waveforms [ ¢, — 109 pF 


Propagation Delay Time, High- | R, = 509, (See AC Test Circuit | CL = 15 pF 
to-Low Level Output and Switching Time Waveforms C. = 100 pF 


Note 1: “‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘‘Operating Temperature Range” 





they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual 
operation. 


Units 
V 
mA 


°C 


device 


Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with respect to network 


ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 


Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to + 75°C for DS75123, unless otherwise specified. Typicals are for Vcc 


= 5.0V, Ta = 25°C. Positive current is defined as current into the referenced pin. 


Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table for the desired 


output. 
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DS75124 





ZANational 


Semiconductor 


DS75124 Triple Line Receiver 


General Description Features 

The DS75124 is designed to meet the input/output interface ™ Built-in input threshold hysteresis 

specifications for IBM System 360. It has built-in hysteresis ™ High speed ... typical propagation delay time 20 ns 
on one input on each of the three receivers to provide large =m Independent channel strobes . 

noise margin. The other inputs on each receiver are in a —_ |nput gating increases application flexibility 
standard TTL configuration. The DS75124 is compatible Single 5.0V supply operation 

with: standard TTL logic and supply voltage: levels: a Plug-in replacement for the SN75124 and the 8T24 


Connection Diagram and Truth Table 


Dual-In-Line Package 


H = high level, L = low level, X = irrelevant 
TB input and last two lines of the truth table 
are applicable to receivers 1 and 2 only 


TL/F/5792-1 
Top View 


Order Number DS75124J or DS75124N 
See NS Package Number J16A or N16A 


Typical Application 


1/3 DS75124 


TL/F/5792-2 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Operating Temperature Range O°C to +75°C 
please contact the National Semiconductor Sales Storage Temperature Range —65°C to + 150°C 
Office/Distributors for availability and specifications. 


pcLSZSG 


Lead Temperature (Soldering, 4 seconds) 260°C 
Supply Voltage, Vcc 7.0V "Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
Input Voltage 10.9 mW/°C above 25°C. 


R Input with Vcc Applied 7.0V 

R Input with Vec not Applied 6.0V Operating Conditions 

A, B, or S Input 5.5V Min 
Output Voltage 7.0V Supply Voltage, Vcc 4.75 
Output Current +100 mA High Level Output Current, 


Maximum Power Dissipation* at 25°C lon 
Cavity Package 1433 mw Low Level Output Current, 


Molded Package 1362 mW lot 
Operating Temperature, Ta 


Electrical Characteristics (Notes 2 and 3) 


Symbol Conditions 


VIH High Level Input Voltage A,B, orS 
VIL Low Level Input Voltage A,B, orS 


V+ = Vr Vor = 5.0V, Ta = 25°C, R, (Note 6) 
Input Clamp Voltage Voc = 5.0V, |) = —12 mA, A, B, or S 


Voc = 5.25V, Vin = 5.5V, A, B, or S 
V| = 7.0V 
Vi = 6.0V, Voc = OV 


High Level Output Voltage Vin = Vinmin, Vit = VitMAX: 
lon = —800 pA, (Note 4) 

Low Level Output Voltage Vin = VIHMIN; Vit = ViLMAx: lo. = 16 mA, 
(Note 4) 


High Level Input Current V, = 4.5V, A,B, orS ay a eee 
Wi =3.11VR ea ea 


Low Level Input Current V; = 0.4V, A, B, orS er eee 
Short Circuit Output Current | Voc = 5.0V, Ta = 25°C, (Note 5) | -so | | -100 | 
Supply Current Voc = 5.25V coe Ay ae ee 


Switching Characteristics 1, = 25°C, nominal power supplies unless otherwise noted 


symbol | __—— Parameter =| Conditions ——|_min | Typ | Max_ 
Propagation Delay Time, Low-to-High . (See AC Test Circuit and Switching 
Level Output from R Input Time Waveforms) 


Propagation Delay Time, High-to-Low (See AC Test Circuit and Switching 20 30 
Level Output from R Input Time Waveforms) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with respect to network 
ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to + 75°C for DS75124, unless otherwise specified. Typicals are for Voc 
= 5.0V, Ta = 25°C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table for the desired 
output. 

Note 5: Not more than one output should be shorted at a time. 

Note 6: Hysteresis is the difference between the positive going input threshold voltage, V7 +, and the negative going input threshold voltage, V7_. 


as 
N 


Input Current at Maximum 
Input Voltage 


fo) = 


oO | 
bh ie 
oa 
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DS75124 


PULSE 
GENERATOR 


Note 1: The pulse generator has the following characteristics: Zoyt ~ 50, tw = 200 ns, duty cycle = 50% 


Note 2: C_ includes probe and jig capacitance. 


TL/F/5792-4 


Typical Performance Characteristics 


Output Voltage vs 
Receiver Input Voltage 
0 


Vo — OUTPUT VOLTAGE (V) 


0 
O 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 


V, — INPUT VOLTAGE (Vv) 
TL/F/5792-5 
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TL/F/5792-3 





ZANational 


Semiconductor 


DS75128/DS75129 Eight-Channel Line Receivers 


General Description 


The DS75128 and DS75129 are eight-channel line receiv- 
ers designed to satisfy the requirements of the input-output 
interface specification for IBM 360/370. Both devices fea- 
ture common strobes for each group of four receivers. The 
DS75128 has an active-high strobe; the DS75129 has an 
active-low strobe. Special low-power design and Schottky- 
diode-clamped transistors allow low supply-current require- 
ments while maintaining fast switching speeds and high-cur- 
rent TTL outputs. The DS75128 and DS75129 are charac- 
terized for operation from 0°C to 70°C. 


Connection Diagrams 


DS75128 
Dual-In-Line Package 


2Y 3Y 4Y 5Y 6Y TY 


19 5 414 13 
pee 
Re eee tpupea 


a 
: im wy 
6 |7 |s fa 


1S 1A 2A 3A SA 5A 6A 7A 8A GND 


18 16 1 
5 


1 2 


3 4 


positive logic: Y = AS 
Top View 


Order Number DS75128J or DS75128N 
See NS Package Number J20A or N20A 


TL/F/5793-1 


Features 

@ Meets IBM 360/370 I/O specification 

m Input resistance—7 kN to 20 kN 

™ Output compatible with TTL 

@ Schottky-clamped transistors 

™ Operates from a single 5V supply 

@ High speed—low propagation delay 

m Ratio specification—tp,y/tpLy 

m Common strobe for each group of four receivers 

@ DS75128 strobe—active-high 
DS75129 strobe—active-low 


DS75129 
Dual-In-Line Package 


4y 5Y GY 7Y 8Y 
O O O ) 
a 


1 


Ce LE Ce Ge 
2 g§ 2 9 
an Zpinune 
1 5 (6 |7 {a fa 


2 3 4 


1S 1A 2A 3A 4A SA GA 7A 8A GND 
positive logic: Y = AS TL/F/5793-2 
Top View 
Order Number DS75129J or DS75129N 
See NS Package Number J20A or N20A 
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DS75128/DS75129 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage, Vcc 7V 
Input Voltage Range —0.15V to 7V 
Strobe Input Voltage 7V 


Maximum Power Dissipation* at 25°C (Note 2) 
Cavity Package 
Molded Package 


Operating Free-Air Temperature Range 
Storage Temperature Range 


Lead Temperature 
Ae Inch from Case for 60 Seconds: J Package 


1564 mW 
1687 mW 


0°C to + 70°C 
— 65°C to + 150°C 
300°C 


Lead Temperature 260°C 
1/4, Inch from Case for 4 Seconds: N Package 


*Derate cavity package 10.4 mW/°C above 25°C; derate molded package 
13.5 mW/°C above 25°C. 


Recommended Operating 


Conditions | 

Min Typ Max Units 
45 50 55 V 
High-Level Output Current, lox -—0.4 mA 
Low-Level Output Current, loi 16 mA 
Operating Free-Air Temperature, Ta 0 70 «86°C 


Supply Voltage, Voc 


Electrical Characteristics over recommended operating free-air temperature range (Note 3) 


Low-Level Output Voltage Voc = 4.5V, Vig = 1.7V, lol = 16mA 
Input Clamp Voltage ls | Veco = 4.5V, = —18mA el 


High-Level Input Current 


Voc = 5.5V, Vj = 3.11V 


18 | Voc = 5.5V, Vi = 2.7V 


Low-Level Input Current 


Voc = 5.5V, V; = 0.15V 


| |S | Voo = 5.5V, Vj = 0.4V 


Short-Circuit Output Current 
(Note 4) 


Input Resistance Voc = 4.5V, OV, or Open, AV, = 0.15Vto4.15v] 7 | | 20 | 


Supply Current 


ps75128 | Voc = 5.5V, Strobe at2.4V, AllAInputsato.7v | | 19 | at | 


DS75129 | Voc = 5.5V, Strobe at 0.4V, AllAInputsato.7v | | 19 | 31 | 
_ps75128 | Voc = 5.5V, Strobe at2.4V, AllAInputsatav | | 32 | 53 | 
DS75129 _| Voc = 5.5V, Strobe at 0.4V, AllAInputsatav | | 32 | 53 | 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: For operation above 25°C free-air temperature, refer to Thermal Ratings for ICs, in App Note AN-336. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 


as max or min on absolute value basis. 
Note 4: Only one output should be shorted at a time. 
Note 5: All typical values are at Voc = 5V, Ta = 25°C. 
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Switching Characteristics voc = 5v, Ta = 25°C 


| Propagation Delay Timo, Low-to-High-Level Output | 


Ratio of Propagation Delay Times 


Transition Time, Low-to-High-Level Output 


Transition Time, High-to-Low-Level Output 


Schematic Diagram (each receiver) 


Pe tg te a ee 


TO THREE 
OTHER TO SEVEN 
CHANNELS OTHER CHANNE 
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[Min | Typ | Max | ain | Typ | Max | 
jz [14] as | 7 | 14 | 2s | 


9 ouTPur 


O GND 


Ls 
TL/F/5793-3 





621S2SG/821S2Sd 


DS75128/DS75129 


AC Test Circuit and Switching Time Waveforms 
output Vcc 3V 


INPUT 

(SEE NOTES 

400 1,4, AND 5) 
(SEE NOTE 3) 

FROM OUTPUT OV 

UNOER TEST 


Vou 


50 pF 
T (SEE NOTE 2) 


OUTPUT 
TL/F/5793-4 


Vou 


TL/F/5793-5 
Note 1: Input pulses are supplied by a generator having the following characteristics: Zp = 509, PRR = 5 MHz. 
Note 2: Includes probe and jig capacitance. 
Note 3: All diodes are 1N3064 or equivalent. 
Note 4: The strobe inputs of DS75129 are in-phase with the output. 
Note §: Veer = 0.7V and Varro = 1.7V for testing data (A) inputs, VpeF; = VRer2 = 1.3V for strobe inputs. 
FIGURE 1 


' Typical Characteristics 


Voltage Transfer Characteristics Voltage Transfer Characteristics 
From A Inputs From A Inputs 


Vec = 5V 
SaRnsearay 
—. 


Ta = 0°C 


Vg — OUTPUT VOLTAGE (V) 
Vg — OUTPUT VOLTAGE (V) 


Bi 
I 
a 
| | 
ect | If | 
AD UN 


Vj — INPUT VOLTAGE (V) 


V, — INPUT VOLTAGE (V) 


TL/F/5793-6 TL/F/5793~7 


Low-Level Output Voltage 
vs Output Current 


Input Current vs 
Input Voltage, A Inputs 


0.4 
4 


Ta = 25°C 


1, — INPUT CURRENT (mA) 





Voz — LOW LEVEL OUTPUT VOLTAGE (V) 


V, ~ INPUT VOLTAGE (V) Ig — OUTPUT CURRENT (mA) 
TL/F/5793-8 TL/F/5793-9 
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ZA National 


Semiconductor 


DS75150 Dual Line Driver 


General Description 


The DS75150 is a dual monolithic line driver designed to 
satisfy the requirements of the standard interface between 
data terminal equipment and data communication equip- 
ment as defined by E!A Standard RS-232-C. A rate of 
20,000 bits per second can be transmitted with a full 2500 
pF load. Other applications are in data-transmission sys- 
tems using relatively short single lines, in level translators, 
and for driving MOS devices. The logic input is compatible 
with most TTL and LS families. Operation is from —12V and 
+12V power supplies. 


Schematic and Connection Diagrams 


+Vcc O 


TO OTHER 
LINE DRIVER 


STROBE S © 


TO OTHER 
LINE DRIVER 


GND O 


TO OTHER 
LINE DRIVER 


TO OTHER 
LINE ORIVER 


Component values shown are nominal. 
1/2 of circuit shown 


Features 

m@ Withstands sustained output short-circuit to any low im- 
pedance voltage between —25V and + 25V 

@ 2 ps max transition time through the —3V to +3V tran- 
sition region under full 2500 pF load 

@ Inputs compatible with most TTL and LS families 

m™ Common strobe input 

@ Inverting output 

m Slew rate can be controlled with an external capacitor 
at the output 


@ Standard supply voltages £12V 


Dual-In-Line Package 


+Vec 1Y 2Y -Vec 


8 7 6 5 


1 2 3 4 


STROBE INPUT INPUT GND 
$ 1A 2A 

TL/F/5794-2 
Top View 


Positive Logic C = AS 


Order Number DS75150J-8, 
DS75150M or DS75150N 
_ See NS Package Number 
JO8A, MO8A or NO8E 


TL/F/5794-1 
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DS75150. 


Absolute Maximum Ratings (note 1) Operating Conditions 
if Military/Aerospace specified devices are required, Min = Max = Units 
please contact the National Semiconductor Sales Supply Voltage (+ Vcc) - 10.8 13.2 Vv 
Office/Distributors for availability and specifications. Supply Voltage (—V¢c) —10.8 —13.2 V 
Supply Voltage + Vcc 15V Input Voltage (V)) 0 +55 V 
Supply Voltage — Voc 15V Output Voltage (Vo) +15 Vv 
Input Voltage | 15V Operating Ambient Temperature 

Applied Output Voltage - +25V Range (Ta) +70 

Storage Temperature Range . —65°C to + 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1133 mw 
Molded DIP Package 1022 mw 
SO Package 655 mW 


Lead Temperature (Soldering, 4 sec.) 260°C 


*Derate cavity package 7.6 mW/°C above 25°C; derate molded DIP package 
8.2 mW/°C above 25°C. Derate SO package 8.01 mW/°C above 25°C. 


DC Electrical Characteristics (notes 2, 3, 4 and 5) 


Symbol | ___—Parameter_ | Conditions, =| Min'| Typ | Max | Units 
Vin High-Level input Voltage | (Figure 1) Ear ae 
ViL Low-Level Input Voltage (Figure 2) ; isd di. Giga V 


High-Level Output Voltage +Voco = 10.8V,—Voco = —13.2V, Vi_ = 0.8V, 
RL = 3 kQ to 7 kf (Figure 2) 


Low-Level Output Voltage +Voc = 10.8V,—Voco = —10.8V, Vin = 2V, 
RL = 3k2. to 7 kO (Figure 1) 

High-Level Input Current +Voo = 13.2V,—Voc = —13.2V, | Data Input : 40 
V\ = 2.4V, (Figure 3) 
+Vcoco = 13.2V, —Voc = —13.2V, | Strobe Input 
Vi = 2.4V, (Figure3) ~ 

Low-Level Input Current +Voc = 13.2V,—Vcoco = —13.2V, | Data Input 16 
V| = 0.4V, (Figure 3) ; 
+Voc = 13.2V, —Voc = —13.2V, | Strobe Input 
V| = 0.4V, (Figure 3) 


Short-Circuit Output Current | +Vcoco = 13.2V,-—Voco = —13.2V, WVo=2ev ff ck [8 | 
awe.) [v= av | | =8 | 8 
[Vo=ov.vi=av] | 15 | 30_| 

Vo=ov,yi=ov| | -15 | ~30 | 


+locH Supply Current From +Vcc, | +Vcoco = 13.2V, —Voco = ~—13.2V, V; = OV, 
High-Level Output Ry = 3kQ, Ta = 25°C, (Figure 5) 

—lecu | Supply Current From —Voc, | +Vcc = 13.2V, —Voc = —13.2V, V; = OV, 
High-Level Output Ru = 3k, Ta = 25°C, (Figure 5) 


+loor Supply Current From +Vcoc, | +Vcoc = 13.2V, —Voc = —13.2V, V; = 3V, 
Low-Level Output RL = 3k, Ta = 25°C, (Figure 5) 


—Iocr Supply Current From —Vcc, | +Voc = 13.2V, —Voco = —13.2V, Vi = 3V, 
Low-Level Output RL = 3k, Ta = 25°C, (Figure 5) 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 


they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS75150. All typical values are Ta = 25°C and +Vcg = 12V, 
—Voeo = —12V. 


Note 3: All current into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown as 
max or min on absolute value basis. 


Note 4: Only one output at a time should be shorted. 


Note 5: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels only, e.g., when 
~—5V is the maximum, the typical value is more-negative voltage. 
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AC Electrical Characteristics (+ Vcc = 12V, =Vécg = —12V, Ta = 25°C) 


Conditions 


Transition Time, Low-to-High CL = 2500 pF, Rp = 3k. to7 kN, 
Level Output (Figure 6) 


Transition Time, High-to-Low CL = 2500 pF, RL = 3k to7 kQ, 
Level Output (Figure 6) 


Transition Time, Low-to-High CL = 15 pF, Rt = 7 kN, (Figure 6) © 
Level Output 

Transition Time, High-to-Low CL = 15 pF, Ry = 7k, (Figure 6) 
Level Output 

Propagation Delay Time CL = 15 pF, RL = 7 kO, (Figure 6) 
Low-to-High Level Output 

Propagation Delay Time CL = 15 pF, R, = 7 kO, (Figure 6) 
High-to-Low Level Output 


DC Test Circuits 


O0SLSZSG 


TL/F/5794-3 TL/F/5794-4 


Each input is tested separately. 


FIGURE 1. Vin, VoL FIGURE 2. Vi, Vou 


+Voc -Vec : +Vec -Vec 


i__} 


aon ao 


TL/F/5794-5 


Note: When testing Ij}, the other input is at 3V; when testing lj_, the other 
input is open. 


FIGURE 3. Ih, lit 


+Vec 


tlecn, tleer | 


L 


ne 


FIGURE 5. lecu+; IccH—» Ieet+; leeL— 





Pogeeg 


| eee 





TL/F/5794-6 


log is tested for both input conditions at each of the specified output condi- 
tions. 


FIGURE 4. los 


-Vec 


pe leet 


| 


TL/F/5794-7 


DS75150 


AC Test Circuit and Switching Waveforms 


Veo ~Vec 


GENERATOR 
(SEE NOTE 1) 


OUTPUT 


Note 1: The pulse generator has the following characterstics: 
duty cycle < 50%, Zoy7 = 50. 
Note 2: C,_ includes probe and jig capacitance. 


FIGURE 6 


Typical Performance Characteristics 


Output Current vs 
Applied Output Voltage 


Ig — OUTPUT CURRENT (mA) 


15 -5 0 5 15 25 
Vo — APPLIED OUTPUT VOLTAGE (V) 


FIGURE 7 
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TL/F/5794-8 


TL/F/5794-9 


TL/F/5794-10 





ZANational 


Semiconductor 


DS75154 Quad Line Receiver 


General Description 


The DS75154 is a quad monolithic line receiver designed to 
satisfy the requirements of the standard interface between 
data terminal equipment and data communication equip- 
ment as defined by EIA Standard RS-232C. Other applica- 
tions are in relatively short, single-line, point-to-point data 
transmission systems and for level! translators. Operation is 
normally from a single 5V supply; however, a built-in option 
allows operation from a 12V supply without the use of addi- 
tional components. The output is compatible with most TTL 
and LS circuits when either supply voltage is used. 


In normal operation, the threshold-control terminals are 
connected to the Voc; terminal, pin 15, even if power is 
being supplied via the alternate Vcco terminal, pin 16. This 
provides a wide hysteresis loop which is the difference be- 
tween the positive-going and negative-going threshold volt- 
ages. In this mode, if the input voltage goes to zero, the 
output voltage will remain at the low or high level as deter- 
mined by the previous input. 


For fail-safe operation, the threshold-control terminals are 
open. This reduces the hysteresis loop by causing the nega- 


Schematic Diagram 


COMMON TO 4 CIRCUITS 


THRESHOLO 
CONTROL 


tive-going threshold voltage to be above zero. The positive- 
going threshold voltage remains above zero as it is unaffect- 
ed by the disposition of the threshold terminals. In the fail- 
safe mode, if the input voltage goes to zero or an open-cir- 
cuit condition, the output will go to the high level regardless 
of the previous input condition. 


Features 

g Input resistance, 3 kO. to 7 kN. over full. RS-232C volt- 
age range 

Q Input threshold adjustable to meet “‘fail-safe’ require- 
ments without using external components 

O Inverting output compatible with TTL or LS 

Q Built-in hysteresis for increased noise immunity 

Output with active pull-up for symmetrical switching 
speeds 

& Standard supply voltage—5V or 12V 


1 OF 4 RECEIVERS 
7 


TL/F/5795-1 


Note: When using Vcc (pin 15), Voce (pin 16) may be left open or shorted to Vcoc1. When using Voc2, Vcc; must be left open or connected to the threshold 


control pins. 
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DS75154 





Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the Natlonal Semiconductor Sales Supply Voltage (Pin 15), (Voc1) 4.5 
Office/Distributors for avallability and specifications. Alternate Supply Voltage 


Normal Supply Voltage (Pin 15), (Vcc1) 7V (Pin 16), (Voce) 10.8 
Alternate Supply Voltage (Pin 16), (Vec2) 14V Input Voltage 


Input Voltage +25V Temperature, (Ta) 0 
Storage Temperature Range —65°C to + 150°C 


Maximum Power Dissipation” at 25°C 
Cavity Package 1433 mW 
Molded DIP Package 1362 mW 
Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP package 
10.9 mW/°C above 25°C; derate SO package 8.01 mW/°C above 25°C. 


Electrical Characteristics (Notes 2, 3 and 4) 


Symbol Parameter |____—_—Conditions_ | Min_| Typ | Max | Units 
Vid High-Level Input Voltage a a 
VIL Low-Level Input Voltage 
VT+ Positive-Going Threshold Voltage (Figure 1) 
| FallsSate Operation | 08 | 22 | 3 | 
Vr- Negative-Going Threshold Voltage | (Figure 1) | NormalOperation | -3 | -1.1 | 0 | 
| Fall‘Safe Operation | 08 | 14 | 3 
Vr+-Vr— | Hysteresis (Figure t) | NormalOperation | 08 | 33 | 6 | 
| Fail-Safe Operation | 0 | o8 | 22 | 
Von _| High-Level Output Voltage | ton=—400uA (Figure) | 24 | 36 | | 
Vo.___| towtevelOutputVottage | ton = 16 mA, (Figure) || S| 0.23 | 0 
r Input Resistance (Figure 2) | avi=—25Vto-14v | 3 | 5 | 7 | 
| AW=-t4vio-av_ {| 3 | 5 | 7 | 
| Avi=-avto+av | 3 | 6 | | 
| avieavtorv = | 3 | 5 | 7 | 
J Avistaviozsv | 3 | 5 | 7 | 
Vioren) | Open-Circuit InputVottage |= O,(Figures) | | | 


los Short-Circuit Output Current Voc1 = 5.5V, Vij= —5V, (Figure 4) ~10 
(Note 5) 


Iocs Supply Current From Voc} Voc1=5.5V, Ta=25°C, (Figured) | | 20 | 35 | 
Ioc2 Supply Current From Voce Voc2= 13.2V, Ta = 25°C, (Figure 5) eel, ae Th) Oe 


Switching Characteristics (Vcc, =5v, Ta=25°C) 


Symbol Conditions | Min | Typ | Max | Units 


Propagation Delay Time, Low-to-High C,_=50 pF, R_ =3900, (Figure 6) 

Level Output 

Propagation Delay Time, High-to-Low C._=50 pF, R, =390N, (Figure 6) 

Level Output 

Transition Time, Low-to-High Level CL=50 pF, RL=3900, (Figure 6) 

Output 

Transition Time, High-to-Low Level C= 50 pF, Ri, =3900, (Figure 6) PF of e | | 
Output 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS75154. All typical values are for Ta = 25°C and Voc; =5V. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic and threshold levels 
only, ¢.g., when —3V is the maximum, the minimum limit is a more-negative voltage. 


Note 5: Only one output at a time should be shorted. 


<|<j<|/<|/<;/<j<|<J< 
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Typical Performance Characteristics 


Output Voltage vs 
; Input Voltage 


| | tt | tT 
jworea Avs= | vhf 
| | teraetch +} 

Lgl 


OUTPUT VOLTAGE (V) 


ier on as 
PT eetetion 


Vr 


-3 -2~«(-1 0 


INPUT VOLTAGE (V) 


TL/F/5795-10 


DC Test Circuits and Truth Tables 


5.5V0 O13.2V 


OPENO 


OPEN 
4.5V O10.8V 
oe belies | 


Connection Diagram 
Dual-In-Line Package 


THRESHOLD OUTPUTS 
ALT NORM CONT 


Veca Veer aT 


aT 


THRESHOLO _ INPUTS 
CONTROLS Yea 


Top View 


TL/F/5795-2 


Order Number DS75154J, DS75154M or DS75154N 
See NS Package Number J16A, M16A or N16A 


OPEN 


Voc Vec2 


a 


TL/F/5795-3 


Vc Voce 
Open-Circuit Input VoH Open Open loH 4.5V 
(Fail-Safe) Vou Open Open lou Open 
0.8V Open IOH 5.5V 
0.8V Open lou Open 


Vr4 min, Vou 
V7 — (Fail-Safe) Vou 


V4 min (Normal) Vou 


(Note 1) 
(Note 1) 


VoH 
Vit max, VOH 


—3V 
—3V 


V7— min (Normal) Vou 
Vin min, V7 4 max, VoL 


C1 
10H 5.5V and T 
IOH T 
Pin 15 loH 5.5V and T 

Pin 15 lou T 


Open lot 4.5V 


3V 
3V 


V7— max (Fail-Safe) VoL 
Vin min, V7 + max, VoL 


3V 
3V 


(Normal) VoL 
Vyr— max (Normal) VoL 


Open lo Open 


Pin 15 lo 4.5V andT 
Pin 15 lot T 


(Note 2) loL 5.5V andT 
(Note 2) lo T 


VoL 
Note 1: Momentarily apply —5V, then 0.8V. 
Note 2: Momentarily apply 5V, then ground. 


FIGURE 1. Vin, Vit, Vt+. Vt—; Vou Voi 
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Open 
10.8V 
Open 
13.2V 
Open 
13.2V 
Open 
13.2V 
Open 
10.8V 
Open 
10.8V 
Open 
13.2V 
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DS75154 


DC Test Circuits and Truth Tables (Continued) 


12v 


TL/F/5795-4 


FIGURE 2. r, 


TL/F/5795-5 


FIGURE 3. Vi(opEN) 


Ow=—=O 13.2V 


loca 
OPEN OPEN 
— Se 
Vec2 


TL/F/5795-6 


Each output is tested separately. TL/F/5795-7 


FIGURE 4. los All four line receivers are tested simultaneously. 
FIGURE 5. Icc 
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AC Test Circuit and Switching Time Waveforms 


INPUT QUTPUT 


OPEN OPEN 


ae 


5 bs 


GENERATOR 


(NOTE 1 
ALL DIODES ARE 1N3064 


Cy = 50 pF 
(NOTE 2) 


TL/F/5795-8 ' 


10 +2ns 


OUTPUT 


TL/F/5795-9 
Note 1: The pulse generator has the following characteristics: Zoyt=50N, tw=200 ns, duty cycle < 20%. 
Note 2: C, includes probe and jig capacitance. 


FIGURE 6 
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DS75176B/DS75176BT 


ZA National 


Semiconductor 
DS75176B/DS75176BT 


Multipoint RS-485/RS-422 Transceivers 


General Description 


The DS75176B is a high speed differential TRI-STATE® 
bus/line transceiver designed to meet the requirements of 
EIA standard RS485 with extended common mode range 
(+12V to —7V), for multipoint data transmission. In addi- 
tion, it is compatible with RS-422. 


The driver and receiver outputs feature TRI-STATE capabili- 
ty, for the driver outputs over the entire common mode 
range of +12V to —7V. Bus contention or fault situations 
that cause excessive power dissipation within the device 
are handled by a thermal shutdown circuit, which forces the 
driver outputs into the high impedance state. 


DC specifications are guaranteed over the 0 to 70°C tem- 
perature and 4.75V to 5.25V supply voltage range. 


Connection and Logic Diagram 


DS75176B\ 


Features 

m@ Meets EIA standard RS485 for multipoint bus transmis- 
sion and is compatible with RS-422. 

g Small Outline (SO) Package option available for mini- 
mum board space. 

m@ 22 ns driver propagation delays. 

m@ Single +5V supply. 

gm —7V to +12V bus common mode range permits +7V 
ground difference between devices on the bus. 

@ Thermal shutdown protection. 

m@ High impedance to bus with driver in TRI-STATE or 
with power off, over the entire common mode range al- 
lows the unused devices on the bus to be powered 
down. 

m Pin out compatible with DS3695/A and SN75176A/B. 

m= Combined impedance of a driver output and receiver in- 
put is less than one RS485 unit load, allowing up to 32 
transceivers on the bus. 

@ 70 mV typical receiver hysteresis. 


TL/F/8759-1 


Top View 


Order Number DS75176BN, DS75176BTN, DS75176BM, 
DS75176BTM, DS75176BJ or DS75176BTJ 
See NS Package Number NO8E, MO8A or JO8A 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 


please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C 
Office/Distributors for availability and specifications. 


Supply Voltage, Voc 7V Recommended Operating 


Control Input Voltages 7V Conditions 
Driver Input Voltage 7V Min 


Driver Output Voltages +15V/ —10V Supply Voltage, Voc 4.75 
Receiver Input Voltages (DS75176B) +15V/ —10V Voltage at Any Bus Terminal 
Receiver Output Voltage : 5.5V (Separate or Common Mode) 


Continuous Power Dissipation @25°C Operating Free Air Temperature Ta 
for M Package 675 mW (Note 5) DS75176B 
for N Package 900 mW (Note 4) DS75176BT 


Differential Input Voltage, 
VID (Note 6) 


Electrical Characteristics (Notes 2 and 3) 
0°C < Ta < 70°C, 4.75V < Voc < 5.25V unless otherwise specified 


Symbol 
Vop1 ‘| Differential Driver Output 
Voltage (Unloaded) 
Vop2_~_‘| Differential Driver Output (Figure 1) R = 500; (RS-422) (Note 7) 
Voltage (with Load) R = 279; (RS-485) 


AVop_ | Change in Magnitude of Driver 
Differential Output Voltage For 
Complementary Output States 
Voc Driver Common Mode Output ; 
Voltage x (Figure 1) 
Change in Magnitude of Driver 
Common Mode Output Voltage 
For Complementary Output 
States 


input High Voltage ie aon eee 
Input Low Voltage Ee elo eet 


— : 
4, ) 


fo) 
nN 





liy = —18 mA 
Input | DO/AI, DO/Rl| Voo = OV or §.25V +H 


Differential Input Threshold —7V < Vom < + 12V 
Voltage for Receiver 


Receiver Input Hysteresis Vom = OV 
Output Low | RO__| Ig, = 16 mA (Note 7) 
eee 


lol = 8MA 


OFF-State (High Impedance) __ Voc = Max 
Output Current at Receiver 0.4V < Vo < 2.4V 


Receiver Input Resistance —7V < Vom s +12V 


Supply Current No Load Driver Outputs Enabled 
i (Note 7) Driver Outputs Disabled 
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DS75176B/DS75176BT 


Electrical Characteristics (Notes 2 and 3) 
o°C < Ta < 70°C, 4.75V < Voc < 5.25V unless otherwise specified (Continued) 


[Parameter (| ___Consions | awn | Typ | wax | 


Receiver Short-Circuit Vo = 0V 
Output Current 
Note 1: “Absolute Maximum Ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 
Note 2: Ail currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 
Note 3: All typicals are given for Vcc = 5V and Ta = 25°C. 
Note 4: Derate linearly at 5.56 mW/°C to 650 mW at 70°C. 
Note 5: Derate linearly @ 6.11 mMW/°C to 400 mW at 70°C. 
Note 6: Differential - Input/Output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B. 


Note 7: All worst case parameters for which note 7 is applied, must be increased by 10% for DS75176BT. The other parameters remain valid for 
—40°C < Ta < +85°C. 


Switching Characteristics voc = 5.0v, Ta = 25°C 


Symbol | __Parameter [Conditions | Min | Typ | Max | Units 
Ss 


tPLH Driver Input to Output Ripipe = 600 22 n 
teHL Driver Input to Output Cur = Cla = 100 pF ns 


tr Driver Rise Time Ripipr = 602 a ae eS ns 


CLy =C_2 = 100 pF ns 
(Figures 3 and 5) 


Driver Enable to Output High C. = 100 pF (Figures4and6)S1Open | —s|_-29:~+| «100 | ns 
Driver Enable to Output Low CL = 100 pF (Figures 4 and 6) S2 Open | {at | 0 | ns 
Driver Disable Time from Low C_ = 15 pF (Figures 4 and 6) S2 Open aa es ns 


13 
Driver Disable Time from High CL = 15 pF (Figures 4 and 6) S1 Open |e | 49 | 200 | ns 


Receiver Input to Output CL = 15 pF (Figures 2 and 7) | | 30 | a7 ns 
Receiver Input to Output S1 and S2 Closed ns 


Receiver Enable to Output Low C. = 15 pF (Figures 2 and 8) S2 Open ns 


Driver Fall Time 





Receiver Enable to Output High C. = 15 pF (Figures 2 and 8) S1 Open ns 
Receiver Disable from Low. C. = 15 pF (Figures 2 and 8) S2 Open ns 
Cc ji 


L = 15 pF (Figures 2 and 8) S1 Open : ns 


Receiver Disable from High 


AC Test Circuits | 


00 TEST 
POINT 


wt 
INCLUDES PROBE 
AND Ji 
CAPACITANCE] 
TL/F/8759-2 
FIGURE 1 


; i =  . TL/F/8759-3 
Note: S1 and S2 of load circuit are closed except as otherwise mentioned. 


FIGURE 2 


FROM CUTPUT 
UNDER TEST 


cL 
(INCLUDES PROBE Aa 
AND JIG 
TL/F/8759-4 ; CAPACITANCE) = TL/F/8759-5 
FIGURE 3 


Note: Unless otherwise specified the switches are closed. 


FIGURE 4 
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Switching Time Waveforms 


TL/F/8759-6 
FIGURE 5. Driver Propagation Delays and Transition Times 


f = 1MHz:t, < 10ns 
tps 10ns 


OUTPUT 
NORMALLY LOW 


OUTPUT 
NORMALLY HIGH 


TL/F/8759-7 
FIGURE 6. Driver Enable and Disable Times 


OUTPUT 


f = IMHz: ty s 10ns 
2 tps Wns 


TL/F/8759-8 


Note: Differential input voltage may may be realized by grounding RI and pulsing RI between + 2.5V and —2.5V 
FIGURE 7. Receiver Propagation Delays 
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DS75176B/DS75176BT 


Switching Time Waveforms (continued) 


f = 1MHz:t, s 10ns 
tes 10 ns 


Ro 
OUTPUT 
NORMALLY LOW 


Ro 
OUTPUT 
NORMALLY HIGH 


TL/F/8759~9 
FIGURE 8. Receiver Enable and Disable Times 


Function Tables 
— Transmitting 


No Fault 
No Fault 


Inputs Open** 
xX 


X — Don’t care condition 

Z — High impedance state 

Fault — Improper line conditons causing excessive power dissipation in the driver, such as shorts or bus contention situations 
**This is a fail safe condition 


Typical Application 


DS75176B/DS3695/DS3696 , DS3697/DS3698 _ DS75176B 


DS3697/DS3698 


DS3695/DS75176B/DS3696 DS751768 
TL/F/8759~-11 
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GA National 


Semiconductor 


DS7820/DS8820 Dual Line Receiver 


General Description 


The DS7820, specified from —55°C to +125°C, and the 
DS8820, specified from 0°C to +70°C, are digital line re- 
ceivers with two completely independent units fabricated on 
a single silicon chip. Intended for use with digital systems 
connected by twisted pair lines, they have a differential in- 
put designed to reject large common mode signals while 
responding to small differential signals. The output is direct- 
ly compatible with TTL or LS integrated circuits. 


The response time can be controlled with an external ca- 
pacitor to eliminate noise spikes, and the output state is 
determined for open inputs. Termination resistors for the 
twisted pair line are also included in the circuit. Both the 
DS7820 and the DS8820 are specified, worst case, over 
their full operating temperature range, for + 10-percent sup- 
ply voltage variations and over the entire input voltage 
range. 


Connection Diagram 


Features 

m™ Operation from a single +5V logic supply 

@ Input voltage range of + 15V 

m Each channel can be strobed independently 
m@ High input resistance 

m@ Fan out of two with TTL integrated circuits 
m Strobe low forces output to ''1” state 


Dual-In-Line Package 


INPUT 


TERMINATION 


INPUT 


RESPONSE TIME 


OUTPUT 


Vec 


INPUT 
TERMINATION 
INPUT 

STROBE 
RESPONSE TIME 


OUTPUT 


TL/F/5796-2 


Top View 


Order Number DS7820J, DS8820J or DS8820N 
See NS Package Number J14A or N14A 
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DS7820/DS8820 


RF 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 8.0V 
Input Voltage +20V 
Differential Input Voltage +20V 
Strobe Voltage 8.0V 
Output Sink Current 25 mA 
Storage Temperature Range —65°C to + 150°C 
Lead Temperature (Soldering, 4 sec.) 260°C 


Electrical Characteristics (Notes 2 and 3) 


symbol 


VTH Input Threshold Voltage 


Response Time 


Strobe Current 


Power Supply Current 


VoH 
VoL 
R\- 


Ta= 


CDELAY 
VsSTROBE 
VsTROB 
Vin = 15V 
Vin = OV 
Vin = —15V 
Vin = 15V 
VIN = OV 
Vin = —15V 
Vin = 15V 
Vin = OV 
Vin = —15V 


Non-Inverting Input Current 


Inverting Input Current 





CDELAY = 


Vom = OV 
—15V < Von < 15V 
louT < 0.2mA 
Isink < 3.5 mA 


25°C 
0 pF 
= 100 pF 
= 0.4V 
E = 5.5V 


| I o 

BS 

al (ea i fo) 
af-lele : ; 


Maximum Power Dissipation* at 25°C 
Cavity Package 1308 mW 
Molded Package 1207 mW 


*Derate cavity package 8.7 mW/°C above 25°C; derate molded package 
9.7 mW/°C above 25°C. 


Operating Conditions 
Min 
Supply Voltage (Vcc) 
DS7820 
DS8820 
Temperature (Ta) 
DS7820 —55 
DS8820 0 


4.75 


| 
ak 
ro) 


+ nD 
foe) ao]: 


Oo 


cS ~lals J ° 
ie) [o) ; . 
io ~~ a 


| 
> 
ip 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: These specifications apply for 4.5V < Voc < 5.5V, —15V < Voy < 15V and -55°C < Ta < +125°C for the DS7820 or 0°C < Ta < +70°C for the 
DS8820 unless otherwise specified; typical values given are for Voc = 5.0V, Ta = 25°C and Voy = 0 unless stated differently. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 


as max or min on absolute value basis. 


Note 4: The specifications and curves given are for one side only. Therefore, the total package dissipation and supply currents will be double the values given when 


both receivers are operated under identical conditions. 
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Typical Performance Characteristics (note 3) 


4, oUPPly Voltage Sensitivity . Common Mode Rejection , Wransfer Function 


Vec = SV Ghee 
FAN OUT=2 ane 
PTE TT TT Lee 
SPSS REy ade 
BERT? f 


| 
Pt A} 
Lt tt | 


conf) cane 
P te te ie 
-04 -02 0 0.2 im 
SUPPLY VOLTAGE (V) INPUT VOLTAGE (V) DIFFERENTIAL INPUT VOLTAGE (V) 
TL/F/5796-4 
Response Time Output Voltage Levels - Termination Resistance _ 


0288Sd/0¢82Sd 


DIFFERENTIAL INPUT VOLTAGE (V) 
DIFFERENTIAL INPUT VOLTAGE (V) 
OUTPUT VOLTAGE (V) 


Ta 225°C 


Pete ded 
Py] Tf ty yt 
ra See E ee 
3 oa 
Cietay = 100 pF 


INPUT VOLTAGE (V) 


Ce ee 
[Com = On| TAL Td 


OUTPUT VOLTAGE (Vv) 
RESISTANCE (2) 





0 150 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C} TEMPERATURE (°C) 
TL/F/5796-5 


OUTPUT VOLTAGE (V) 


Positive Supply Current ; Internal Power Dissipation 
00 


10 
ae RR aS ae se eae Voc = 5.0V ” 
Nf fp vec= sv \ OUTPUT Low 


Na RRGeER 
ALi tt ITY 
BNSEECS: 


as 
{LY 
Saelelles 





TILLY 


Rede 
ALIALTT 
POWER DISSIPATION (mW) 


VY 


INPUT VOLTAGE (V) INPUT VOLTAGE (Vv) 
‘ TL/F/5796-6 
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DS7820/DS8820 


Typical Application 


Line Driver and Receiver 
1/2 0S7830 


INPUTS 


Schematic Diagram 


NON-INVERTING 
INPUT 


TERMINATION 


INVERTING 
INPUT 


TWISTED PAIR LINE 


tExact value depends on line length. 
*Optional to control response time. 


RESPONSE-TIME 
CONTROL 


STROBE 
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2 
1/2 DS7820 
C2° 


5 
4 a ie: oF 


STROBE = 
TL/F/5796-3 


OUTPUT 


GROUNO 


TL/F/5796-1 





GA National 


Semiconductor 


DS7820A/DS8820A Dual Line Receiver 


General Description 


The 0S7820A and the DS8820A are improved performance 
digital line receivers with two completely independent units 
fabricated on a single silicon chip. Intended for use with 
digital systems connected by twisted pair lines, they have a 
differential input designed to reject large common mode sig- 
nals while responding to small differential signals. The out- 
put is directly compatible with TTL or LS integrated circuits. 


The response time can be controlled with an external ca- 
pacitor to reject input noise spikes. The output state is a 
logic “1” for both inputs open. Termination resistors for the 
twisted pair line are also included in the circuit. Both the 
DS7820A and the DS8820A are specified, worst case, over 


Connection Diagram 


their full operating temperature range (-—55°C to +125°C 
and 0°C to 70°C respectively), over the entire input voltage 
range, for +10% supply voltage variations. 


Features 

™ Operation from a single +5V logic supply 
@ Input voltage range of +15V 

@ Strobe low forces output to ‘‘1” state 

@ High input resistance 

m@ Fanout of ten with TTL integrated circuits 
Outputs can be wire OR’ed 

m@ Series 54/74 compatible 


Dual-In-Line Package 


— INPUT 


TERMINATION 


+ INPUT 


STROBE 


RESPONSE TIME 


OUTPUT 


Note: Pin 7 connected to bottom of cavity package. 


— INPUT 


TERMINATION 


+ INPUT 


STROBE 


RESPONSE TIME 


OUTPUT 


TL/F/5797-2 


Top View 


Order Number DS7820AJ, DS8820AJ or DS8820AN 
See NS Package Number J14A or N14A 
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DS7820A/DS8820A 


Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 
Office/Distributors for availability and specifications. DS7820A 4.5 


Supply Voltage —-8.0V DS8820A 4.75 


Temperature (Ta) 
Common-Mode Voltage +20V DS7820A —55 


Differential Input Voltage +20V DS8820A 0 
Strobe Voltage 8.0V 
Output Sink Current 50 mA 
Storage Temperature Range —65°C to 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1308 mW 
Molded Package 1207 mw 


Lead Temperature (Soldering, 4sec.) _ * 260°C 


*Derate cavity package 8.7 mW/°C above 25°C; derate molded package 
9.7 mW/°C above 25°C. 


Electrical Characteristics (notes 2,3, and 4) 


Symbol| Parameter | Coniitons 
Differential Threshold Voltage’ | loyt = —400 pA, 
besa 
lou =F IGA: 
alana 
Rr 
rit . 
Line Termination Resistance 2 
Inverting Input Current 
Non-Inverting Input Current 
Power Supply Current lout = Logical “O” | VoipFF = —1V 
One Side Only 

VOoH Logical “1” Output Voltage 

Vor 
Logical “1” Strobe Input Voltage : 

=-3 


— 
Oo 


=1.0 


a> Po 
o|]a 





4.0 
0.2 


Logical “1” Strobe Input Current 
0 | =14] ma 
Vo = OV, Voc = 5.5V, Vstrope = OV mA 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: These specifications apply for 4.5V < Voc < 5.5V, —15V < Vom < 15V and —55°C < Ta < +125°C for the DS7820A or 4.75V < Voc < 5.25V, 0°C < 
Ta Ss +70°C for the DS8820A unless otherwise specified. Typical values given are for Vcc = 5.0V, Ta = 25°C and Voy = OV unless stated differently. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


np 
_ 


= 
es 
901 | 


Note 4: Only one output at a time should be shorted. 
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Switching Characteristics T, = 25°c, Vcc = 5V, unless otherwise noted 


Propagation Delay, Differential 
Input to “0” Output 


Propagation Delay, Differential 


inpunte 17 Ouipat Ri, = 400 9, C, = 15 pF, see Figure 1 


Propagation Delay, Strobe 
Input to “0” Output 


Propagation Delay, Strobe 
Input to “1” Output 


AC Test Circuit and Waveforms 


DIFF. 
INPUT 


OUTPUT 


PRR = 1 MHz 
TL/F/5797~7 


QUTPUT 


TL/F/5797-8 
A = Differential Input to “0” Output 
B = Differential Input to “1” Output 
C = Strobe Input to “0” Output 
D = Strobe Input to “1” Output 


FIGURE 1 
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DS7820A/DS8820A 


Typical Performance Characteristics (note 3) 


Common-Mode Voltage 
Supply Voltage Sensitivity Sensitivity 


Vour™ 2.5V, louy = ~400 nA 


Penn | 
ae ae ea ee een 


| | Vout = 0.4V, lour = 16 mA 
TS ee | —— 


DIFFERENTIAL THRESHOLD VOLTAGE {V) 
DIFFERENTIAL THRESHOLD VOLTAGE (V) 


SUPPLY VOLTAGE (V) COMMON-MODE VOLTAGE (V) 


Transfer Function Termination Resistance 


§ 
FANOUT = 10 ae 
Voc * $.0V l-t— 
4 Vom 20V 


aT 
ZnEey aan 
Cig | 


OUTPUT VOLTAGE (V) 
TERMINATION RESISTANCE (2) 


a 

eee 

-0.2 0 . . -75 -50 -25 0 25 50 75 100 125 
DIFFERENTIAL INPUT VOLTAGE (V) Ta (°C) 


Power Supply Current Internal Power Dissipation 


Vec * §.0V 
OUTPUT LOW 


SUPPLY CURRENT (mA) 
POWER DISSIPATION (mW) 


COMMON-MODE VOLTAGE (Vv) COMMON-MODE VOLTAGE (Vv) 


Differential Input Delays Strobe Delays 


OIFFERENTIAL 
TO “0” OUTPUT 


OIFFERENTIAL CELAY (ns) 
STROBE DELAY (ns) 


DIFFERENTIAL 
“~ 10 "1" OUTPUT 


| | 
eas A Wet De Ds 


10 
-7§ -§50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta (°C) Tat) 
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Temperature Sensitivity 


-150 
-75 -50 -25 0 25 50 75 100 125 
Ta (°C) 


DIFFERENTIAL THRESHOLD VOLTAGE (mV) 


Input Characteristics 


moet T |e 


INPUT CURRENT (mA) 


INPUT VOLTAGE (WITH RESPECT TO GROUND) (V} 


Output Voltage Levels 


| TT tosicat "4" QUTPUT, | | 
=| lour * ~400 HA imal 
eae eed 


OUTPUT VOLTAGE (V} 


01 
-75 -§0 -25 0 25 50 75 100 125 
Tae) 


Noise Rejection 


MAX. NOISE PULSE WIDTH (ns) 





10,000 


Cresponse Time conTROL (PF) 


TL/F/5797-6 





Schematic Diagram 


RESPONSE-TIME 
CONTROL 


Veo 


NON-INVERTING 





INPUT 
(+) 
OUTPUT 
TERMINATION 
GROUND 
INVERTING 
tNPUT Note: Schematic shows one-half of unit. 





(-) STROBE 


TL/F/5797=1 


Typical Applications 


Differential Line Driver and Receiver 


C1 = .01 pF 





TWISTED 
PAIR LINE 







AND OUTPUT 








1/2 DS7830 





NAND OUTPUT 


{INPUTS — 
*Optional to control response time. STROBE = TL/F/5797-3 


Single Ended (EIA-RS232C) Receiver with Hysteresis 


1N914 av 
TWISTEO PAIR LINE Vout 
0.2V 

QUTPUT 


Sosy Vy 25V 
TL/F/5797-5 
(Output = ‘1” for Open Input) 





STROBE =: TL/F/5797-4 
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DS78C20/DS88C20 


ZA National 


Semiconductor 


DS78C20/DS88C20 Dual CMOS Compatible 
Differential Line Receiver 


General Description 
The DS78C20 and DS88C20 are high performance, dual 


differential, CMOS compatible line receivers for both bal- 


anced and unbalanced digital data transmission. The inputs 
are compatible with EIA and Federal Standards. 


Input specifications meet or exceed those of the popular 
DS7820/DS8820 line receiver, and the pinout is identical. 


A response pin is provided for controlling sensitivity to input 
noise spikes with an external capacitor. Each receiver in- 
cludes a 1802 terminating resistor, which may be used op- 
tionally on twisted pair lines. The DS78C20 is specified over 
a —55°C to + 125°C operating temperature range, and the 
DS88C20 over a 0°C to +70°C range. 


Connection Diagram 


Features 

@ Meets requirements of EIA Standards RS-232-C RS- 
422 and RS-423, and Federal Standards 1020 and 
1030 
Input voltage range of +15V (differential or common- 
mode) 
Separate strobe input for each receiver 
Y% Voc strobe threshold for CMOS compatibility 
5k typical input impedance 
50 mV input hysteresis 
200 mV input threshold 
Operation voltage range = 4.5V to 15V 
DS7830/DS8830 or MM78C30/MM88C30 recommend- 
ed driver 


Dual-In-Line Package 


TERMI- 
-INPUT watton +INPUT STROBE 


-INPUT TERMI- 
NATION 


ESPONSE 
TIME OUTPUT 


+INPUT STROBE RESPONSE OUTPUT GND 
TIME 


TL/F/5798-1 


Top View 


Order Number DS78C20J, DS88C20J or DS88C20N 
See NS Package Number J14A or N14A 
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Absolute Maximum Ratings (note 1) Operating Conditions 


{f Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 4.5 
Office/Dlistributors for availability and specifications. Temperature (Ta) 


Supply Voltage 18V DS78C20 —55 
Common-Mode Voltage +25V DS88C20 0 


Strobe Voltage 18V 


Output Sink Current 50 mA 


Maximum Power Dissipation* at 25°C 
Cavity Package 1364 mW 
Molded Package 1280 mW 


Storage Temperature Range —65°C to + 150°C 


Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 9.1 mW/°C; derate molded package 10.2 mW/°C 
above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Symboll__—Parameter_ | Conditions, =| Min._| Typ _| Max [Units 
Differential Threshold Voltage |Iqur = —200 pA, -10V<Voms tov} =| | 0.2 | 
cleat olaetrad =18VsVomsi5v]_ | 0.06 | 03 | 
lour = 1.6mA,Vour $08V |-10VsVomsiov] | -0.08 | -02| 
-18v<Vewst5v]__ | -0.08 |-o3| 
InputResistance | t8VsVoysty | 
Line TerminationResistance  [Ta= 25 | to | 80 | 00 
Data Input Current (Unterminated) Vm=tv = =—s—<iss—C(<C‘w Gif 
Mow=ov | 
Neu dO ee ah 


Input Balance louT = 200 pA, Vout = peeve | Ton | on 
Voc —1.2V, Rg = 5000, 0.4 
(Note 5) - 
Rg = 5000, (Note 5) 
Logical ‘1’’ Output Voltage louT = —200 pA, VpirF = 1V Noo — 1.2|Voc — 0.75 | 
Logical “o” Output Voltage lour=1.6mA,Vorr=-tV || 08 | 8 | 
Power Supply Current 15V < Vom < —15V, Vec=55v =| iT tk | 8 | 
VolrF = —0.5V 
Logical “1” Strobe Input Current |Vstaoge = 15V.Vorr=3VVoc=168v | | 18 | 100 | 
Logical “0” Strobe Input Current |Vstaoae = OV. Vor = -3V\Voc=15V__— |_| 0.8 |-100 
Logical 1” Strobe Input Voltage Hloyr = 1.6mMA, VoL < 0.5V Voc=sv =| os | os [| 
| Mec=1ov | eo | 50 | 
Mec= tv | 2s | 75 || 
Logical “0” Strobe Input Voltage [lout = —200 pA, es ee ec ce 
Mec= tev | | 78 | 28 | 
jOutput Short-Circuit Current __|Vour = OV, Voc = 15V, Vstnoae = OV, (Note) | -5 | -20 | -a0| ma 
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DS78C20/DS88C20 


Switching Characteristics Voc = 5v, Ty. = 25°C 


Differential Input to “0” Output 
Differential Input to “1” Output 
Strobe Input to ‘0” Output 


Strobe Input to “1”’ Output 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 
Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78C20 and across the 0°C to + 70°C range for 
the DS88C20. All typical values are for Ta = 25°C, Vcc = 5V and Voy = OV. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: Refer to EIA-RS-422 for exact conditions. 


Typical Applications 


RS-422/RS-423 Application 


LINE DRIVER AND RECEIVER (NOTE 3) 


AND 
OUTPUT 
0 TWISTED PAIR LINE 
1/2 MM78C30/ 


M8830 Cx > 1/2 DS78C20/ 


0S8830 0S88C20 


STROBE 
TL/F/5798-2 


Note 1: (Optional internal termination resistor.) ; 

a) Capacitor in series with internal line termination resistor, terminates the line and saves termination power. Exact value depends on line length. 

b) Pin 1 connected to pin 2; terminates the line. 

c) Pin 2 open; no internal line termination. 

d) Transmission line may be terminated elsewhere or not at all. 

Note 2: Optional to control response time. : 

Note 3: Voc 4.5V to 15V for the DS78C20. For further information on line drivers and line receivers, refer to applicaton notes AN-22, AN-83 and AN-108. 


RS-232-C Application with Hysteresis 


(OUTPUT = 
“1 FOR 
OPEN INPUT) 


0S78C20/ 
DS88C20 


TL/F/5798-4 


TL/F/5798-3 


For signals which require fail-safe or have slow rise and 
fall times, use R1 and D1 as shown above. Otherwise, 
the positive input (pin 3 or 11) may be connected to 
ground. 
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AC Test Circuit 


t = tf} = < 10ns 
PRR = 1 MHz 


Switching Time Waveforms 


2.5V 


Vec 


STROBE 
INPUT 


OV 


OUTPUT 


DIFF INPUT 


STROBE 
INPUT 


*Includes probe and jig capacitance 
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TL/F/5798-5 


TL/F/5798-6 





02988S0/02082S0 





DS7830/DS8830 


ZA National 


Semiconductor 


DS7830/DS8830 Dual Differential Line Driver 


General Description 


The DS7830/DS8830 is a dual differential line driver that 
also performs the dual four-input NAND or dual four-input 
AND function. 


TTL (Transistor-Transistor-Logic) multiple emitter inputs al- 
low this line driver to interface with standard TTL systems. 
The differential outputs are balanced and are designed to 
drive long lengths of coaxial cable, strip line, or twisted pair 
transmission lines with characteristic impedances of 5020 to 
5000. The differential feature of the output eliminates trou- 
blesome ground-loop errors normally associated with sin- 
gle-wire transmissions. 


Connection Diagram 


Features 

m@ Single 5V power supply 

Diode protected outputs for termination of positive and 
negative voltage transients 

a Diode protected inputs to prevent line ringing 

m@ High speed 

@ Short circuit protection 


Dual-In-Line and Fiat Package 


AND NAND 
OUTPUT OUTPUT 


AND NAND GND 


OUTPUT OUTPUT 
TL/F/5799~2 


Top View 
Order Number DS7830J, DS8830J or DS8830N 
See NS Package Number J14A or N14A 


Typical Application 


Digital Data Transmission 


1/2 DS7830 


(NPUTS 


tExact value depends on line length. 
*Optional to control response time. 


TWISTED PAIR LINE 


i ies pF 


STROBE 
TL/F/5799-3 
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Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 
Office/Distributors for availability and specifications. DS8730 45 


Vcc 7.0V DS8830 4.75 
Input Voltage 5.5V Temperature (Ta) 

Storage Temperature —65°C to + 150°C DS7830 —55 
Lead Temperature (Soldering, 4 sec.) 260°C DS8830 0 
Output Short Circuit Duration (125°C) 1 second 


Maximum Power Dissipation* at 25°C 
Cavity Package 1308 mW 
Molded Package 1207 mW 


*Derate cavity package 8.7 mW/°C above 25°C; derate molded package 
9.7 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Symbol Parameter 


Vin | Logical 1 tnputvotage | 
2.4 
1.8 
—40 


VIL Logical ‘‘0” Input Voltage 


Logical ‘1”” Output Voltage Vin = 0.8V louT = —0.8 mA 
louT = 40 mA 


| 24 | 
[18 | 
Logical ‘‘O” Output Voltage Vin = 2.0V | iour=32maf 
ee eee 

Logical ‘‘1” Input Current Re 
ae) 

cael 

| =40 | 


0.22 
Vin = 5.5V 

Logical “0” Input Current Vin = 0.4V 

Output Short Circuit Current Voc = 5.0V, Ta = 125°C, (Note 4) 

Supply Current Vin = 5.0V, (Each Driver) Lia 


hol 
input Clamp | Voc =Miniw=—12ma | =1.0 


Switching Characteristics 1, = 25°C, Vcc = 5V, unless otherwise noted 
Parameter 


Propagation Delay AND Gate R_= 4000, C, = 15 pF 
(Figure 1) 


Propagation Delay NAND Gate RL= 4000, CL = 15 pF 
(Figure 7) 

Differential Delay Load, 10029 and 5000 pF, 
(Figure 2) 

Differential Delay Load, 10029 and 5000 pF, 
(Figure 2) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DS7830 and across the 0°C to + 70°C range for 
the DS8830. Typical values for Ta = 25°C and Vcc = 5.0V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 


| 
bh 2 |S 
@ 


—100 -120 


See 

oes 

liestend 
11 
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2 
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= 
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DS7830/DS8830 


AC Test Circuit and Switching Time Waveforms 


INPUTS 
AND OUTPUT 


NANO OUTPUT 
SAME LOAD 


TL/F/5799-4 
thao 


f = 1 MHz TL/F/5799-9 


tp = tp < 10 ns (10% to 90%) 
Duty cycle = 50% 


FIGURE 1 


Vp 


TL/F/5799-8 
FIGURE 2 


TL/F/5799-10 


Typical Performance Characteristics 


Output High Voltage 
(Logical “1”) 
vs Ouput Current 


“Se eo 


Differential Delay vs 
Temperature 


Threshold Voltage 
vs Temperature 


Scoenensi 

plete cre ee) 

Rese aeees 

Aan ~Saan eee 

| i] | TS a 
jf paspeatt Seas 

AaeE a EOae 
GUARANTEED LOGICAL “0” 


an INPUT VOLTAGE Ba 


-§0 -25 0 25 50 75 100125 | 


OUTPUT VOLTAGE (V) 
DIFFERENTIAL DELAY (ns) 
ed ie IN eel | 
[| BN 
THRESHOLD VOLTAGE (V) 


G 
0 20 40 60 80 100 120 140 


0 75 100 125 


OUTPUT SOURCE CURRENT (mA) TEMPERATURE (°C) TEMPERATURE (°C) 


DIFFERENTIAL OUTPUT VOLTAGE (V) 


Differential Output Voltage 


(|\Vanp = VNAND!) VS 
Differential Output Current 


LOAD 
‘oon 


LOAD 





OUTPUT CURRENT (mA) 





POWER DISSIPATION BOTH SIDE (mW) 


Power Dissipation (No Load) 


vs Data Input Frequency 


LUI PUT TTT 
mall AAI 


LI IT 
PE ET ZT 
a a Zam 
a et HI 
LI ET tT 
CE TUT tT 
LUA TTC Fy 


O12 $710 2 5710.0 2005710 








DATA INPUT FREQUENCY (MHz) 
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OUTPUT VOLTAGE (V) 


Output Low Voltage 
(Logical “‘0”) vs 
Output Current 


EEC 
Sie aie Alera 
ac?) one 
as 


Lt AL | ee) 
op oa 


20 40 60 80 100 120 140 
OUTPUT SINK CURRENT (mA) 





TL/F/5799-7 





Schematic Diagram 


0€88Sd/0&8ZSda 


Fae , 


inc 








TL/F/5799-1 
*2 Per Package 
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DS7831/DS8831/DS7832/DS8832 


ZA National 


Semiconductor 


DS7831/DS8831/DS7832/DS8832 


Dual TRI-STATE® Line Driver 


General Description 


Through simple logic control, the DS7831/DS8831, 
DS7832/DS8832 can be used as either a quad single-end- 
ed line driver or a dual differential line driver. They are spe- 
cifically designed for party line (bus-organized) systems. 
The DS7832/DS8832 does not have the Vcc clamp diodes 
found on the DS7831/DS8831. 

The DS7831 and DS7832 are specified for operation over 
the —55°C to +125°C military temperature range. The 
DS8831 and DS8832 are specified for operation over the 
0°C to + 70°C temperature range. 


Connection and Logic Diagram 
Dual-In-Line Package 
DIFFERENTIAL/ 


OUTPUT INPUT OUTPUT INPUT SINGLE-ENDED 
A2 A2 Al Al. MOOE CONTROL 


“A" OUTPUT 
DISABLE 


"B" OUTPUT INPUT QUTPUT INPUT DIFFERENTIAL/ GND 
SABLE B2 B2 Bi 81s SINGLE-ENDED 
MODE CONTROL 


TL/F/5800-1 
Top View 


Truth Table (Shown for A Channels Only) 


Differential/ 
Single-Ended 
Mode Control 


“A” Output Disable 


Features 

m@ Series 54/74 compatible 

m 17 ns propagation delay 

m Very low output impedance—high drive capability 

@ 40 mA sink and source currents 

™ Gating contro] to allow either single-ended or differen- 
tial operation 

High impedance output state which allows many out- 
puts to be connected to a common bus line 


Order Number DS7831J, DS8831J, 
DS7832J, DS8832J, DS8831N or DS8832N 
See NS Package Number J16A or N16A 


Logical ‘‘1” or| Sameas | Logical ‘1” or} Same as 
Logical ‘O” Input A4 Logical ‘‘0” Input A2 


Xx 1 Logical “1” or | Opposite of | Logical “1” or] Same as 
1 X Logical “0” Input A1 Logical “0” Input A2 





High 


: ; X Xx xX Impedance 
State 


X = Don’t Care 
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Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specifled devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vcc) - 

Office/Distributors for avallability and specifications. DS7831/DS7832 4.5 
Supply Voltage 7V DS8831/DS8832 4.75 


Temperature (Ta) 
Input Voltage 5.5V DS7831/DS7832 —55 


Output Voltage 5.5V DS8831/DS8832 0 
Storage Temperature Range —65°C to + 150°C 
Lead Temperature (Soldering, 4 sec.) 260°C 
Maximum Power Dissipation* at 25°C 
Cavity Package 1433 mW 
Molded Package 1362 mW 


*Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/°C above 25°C. 


ZE88S0/ZE8ZSG/1E88Sd/LE8ZSa 


Electrical Characteristics (Notes 2 and 3) 


Symbol Conditions 
Vin | Logical 1” Input Voltage , 
Vi__| Logical “0” Input Voltage 


Vou __| Logical “1” Output Voltage _| DS7831/DS7832 


Ds8831/DS8832 lo = —40 mA 


Logical ‘‘0” Output Voltage | DS7831/DS7832 lo = 40mA 
lo = 32mA 


Ds8831/DS8832 Ig =40mA 
lo = 32mA 


Logical ‘'1” Input Current 
Logical “0” Input Current Voc = Max, Vin = 0.4V 

Voc = Max, Vo = 24V or 0.4V aes 
Voo = Max, (Note 4) ~40|-100| -120 | 
Supply Curent [Voc=MaxintrisTaTe | 8 |_| 
[Input Diode Clamp Voltage |Voc=5.0V,Ta= 25° i=—t2ma | 


pce ets EY 
Output Diode Clamp Voltage | Voc = 5.0V, lout = —12mA | DS7831/DS8831 V 
Ta = 25°C DS7832/DS8832 


lour=12mA |pszeai/psess1{ | [Voc + 1.5 V 
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DS7831/DS8831/DS7832/DS8832 


Switching Characteristics T, = 25°C, Voc = 5V, unless otherwise noted » 


Propagation Delay to a Logical “0” 
from Inputs A1, A2, B1, B2 
Differential Single-ended Mode 
Control to Outputs 


Propagation Delay to a Logical “1” 
from Inputs A1, A2, B1, B2 
Differential Single-ended Mode 
Control to Outputs 


Delay from Disable Inputs to High 
Impedance State (from Logical “1” 
Level) 


Delay from Disable Inputs to High 
Impedance State (from Logical ‘‘0” 
Level) 


Propagation Delay from Disable Inputs 
to Logical “1” Level (from High 
Impedance State) 


Propagation Delay from Disable inputs 
to Logical ‘“‘0” Level (from High 
Impedance State) 


(See Figures 4 and 5) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS7831 and DS7832 and across the 0°C to 
+70°C range for the DS8831 and DS8832. All typical values are for Ta = 25°C and Vcc = SV. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values shown as 


max or min on absolute value basis. 


Note 4: Applies for Ta = 125°C only. Only one output should be shorted at a time. 


Mode of Operation 

To operate as a quad single-ended line driver apply logical! 
“0”s to the output disable pins (to keep the outputs in the 
normal low impedance mode) and apply logical “‘0’’s to both 


Differential/Single-ended Mode Control inputs. All four . 


channels will then operate independently and no signal in- 
version will occur between inputs and outputs. 


To operate as a dual differential line driver apply logical 
“0”’s to the Output Disable pins and apply at least one logi- 
cal “1” to the Differential/Single-ended Mode Control in- 
puts. 

The inputs to the A channels should be connected together 
and the inputs to the B channels should be connected to- 
gether. 

In this mode the signals applied to the resulting inputs will 
pass non-inverted on the Ao and Bo outputs and inverted on 
the A; and B, outputs. 

When operating in a bus-organized system with outputs tied 
directly to outputs of other DS7831/DS8831'’s, DS7832/ 
DS8832’s (Figure 1), all devices except one must be placed 
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in the ‘high impedance” state. This is accomplished by en- 
suring that a logical ‘‘1” is applied to at least one of the 
Output Disable pins of each device which is to be in the. 
“high impedance” state. A NOR gate was purposely chosen 
for this function since it is possible with only two DM5442/ 
DM7442, BCD-to-decimal decoders, to decode as many as 
100 DS7831/DS8831's, DS7832/DS8832’s (Figure 2). 


The unique device whose Disable inputs receive two logical 
“0” levels assumes the normal low impedance output state, - 
providing good capacitive drive capability and waveform in- 
tegrity especially during the transition from the logical “0” to 
logical ’’1” state. The other outputs—in the high impedance 
state—take only a small amount of leakage current from the 
low impedance outputs. Since the logical “1” output current 
from the selected device is 100 times that of a conventional 
Series 54/74 device (40 mA vs. 400 1A), the output is easily 
able to supply that leakage current for several hundred oth- 
er DS7831/DS8831’s, DS7832/DS8832’s and still have 
available drive for the bus line (Figure 3). 
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DS7831/DS$8831/DS7832/DS8832 


Typical Performance Characteristics 


Propagation Delay from Input 


to Output (Channel 1) 


Veo = 5.0V 
’ 1 
DIFFERENTIAL/SINGLE-ENDED MODE 
CONTROL INPUTS AT LOGICAL “0” 


PROPAGATION DELAY (ns) 


) 
-75 -50 -25 0 25 50° 75 100 125 
TEMPERATURE (rc) 


' Delay from Disable to High 
Impedance State 


ell le ole 
Tease 
ae Za 


DELAY (ns) 


0 
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TEMPERATURE (°C) 


Total Supply Current vs 
Frequency 


Vec =5.0V 
Ta = 25°C au 
ALL CHANNELS SWITCHING 77/7 iiI// 
TTY mani 
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lout V8 Vour High 
Impedance Output State 


lour (mA) 


to Output (Channel! 1) 


Voc = 5.0V 
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CONTROL INPUTS AT LOGICAL “1” 
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Delay from Disable to Low 
Impedance State 
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. Logical “1” Output Voltage 
vs Source Current 
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Propagation Delay from Input 


PROPAGATION DELAY (ns) 


PROPAGATION DELAY (ns) 
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Propagation Delay from Input 
to Output (Channel 2) 


nee ————. 


-75 -§0 -25 0 25 50 75 100 125 
‘TEMPERATURE (°C) 


Propagation Delay vs Load 
Capacitance 
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C, (pF) 


Logical “0” Output Voltage 
vs Sink Current 


lour (mA) 


Propagation Delay in 
Differential Mode 


TEMPERATURE (°C) 
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Typical Performance Characteristics (continued) 
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TL/F/5800-6 
Switching Time Waveforms 
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ov 


OUTPUT 
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Input characteristic: LOGICAL “1” 


Amplitude = 3.0V VOLTAGE 
Frequency = 1.0 MHz, 50% duty cycle 
tr = t < ns (10% to 90%) 
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FIGURE 4 
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DS7831/DS8831/DS7832/DS8832 


AC Load Circuit 


0S7832/ 
0S8832 


*Jig capacitance 


TL/F/5800-9 
FIGURE 5 
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Za National 


Semiconductor 


DS78C120/DS88C 120 Dual CMOS Compatible 


Differential Line Receiver 


General Description 


The DS78C120 and DS88C120 are high performance, dual 
differential, CMOS compatible line receivers for both bal- 
anced and unbalanced digital data transmission. The inputs 
are compatible with EIA, Federal and MIL standards. 


Input specifications meet or exceed those of the popular 
DS7820/DS8820 line receiver. 


The line receiver will discriminate a +200 mV input signal 
over a common-mode range of +10V and a +300 mV sig- 
nal over a range of + 15V. 


Circuit features include hysteresis and response control for 
applications where controlled rise and fall times and/or high 
frequency noise rejection are desirable. Threshold offset 
control is provided for fail-safe detection, should the input 
be open or short. Each receiver includes a 1802 terminating 
resistor and the output gate contains a logic strobe for time 
discrimination. The DS78C120 is specified over a —55°C to 
+ 125°C temperature range and the DS88C120 from 0°C to 
+70°C. 


Connection Diagram 


Features 
@ Full compatibility with EIA Standards RS232-C, RS422 
and RS423, Federal Standards 1020, 1030 and MIL- 
188-114 
Input voltage range of +15V (differential or common- 
mode) 
Separate strobe input for each receiver 
1/2 Voc strobe threshold for CMOS compatibility 
5k typical input impedance 
50 mV input hysteresis 
200 mV input threshold 
Operation voltage range = 4.5V to 15V 
Separate fail-safe mode 


Dual-In-Line Package 


FAIL-SAFE 
Vec OFFSET 


OFFSET -INPUT TERMI- 
FAIL-SAFE NATION 


TERMI- 
~INPUT NATION +INPUT STROBE 


RESPONSE 
TIME OUTPUT 


+INPUT STROBE RESPONSEQUTPUT GND 
TIME 


TL/F/5801-1 


' Top View 


Order Number DS78C 120J, DS88C120J or DS88C120N 
See NS Package Number J16A or N16A 
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DS78C120/DS88C120 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 


please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C 
Office/Distributors for availability and specifications. 


Supply Voltage 18V Operating Conditions 
Input Voltage ; +25V Min Max Units 
Strobe Voltage 18V Supply Voltage (Vcc) 45 15 V 


Output Sink Current 50 mA Temperature (Ta) 
Maximum Power Dissipation* at 25°C DS78C120 —55 +125 °C 
P DS8sC120 0 +70 °C 


Cavity Package 1433 mW 
Molded Package 1362 mw Common-Mode Voltage (Vow) —15 +15 V 


*Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Symboll Parameter | Conditiong =| Min | Typ _| Max [Units 

VrH lout = ~200 pA, =7v<voms7v | | 006 | 02 | v 
poe oe -tev<Vomsisv) | 0.08 | 03 | v 
Differential Threshold lout = 1.6mAVout s05V. [-7V<Voms7v | «| 0.08 |-0.2| v 
ae =18VsVowstsv] | 0.08 |-o3) v 
Voltage Fail-Safe Vout 2 Vcc — 1.2V 

Vri__|Offset = 5v lour = 1.6mAVours0sv_ |-7v<Vems7v | 02 | o4 | | v 

Riy__|InputResistance | -15V.<Voms 18V,0V<Vocs15V_ | 

Rr Ta = 25°C 

Ro__|Oftset Contro!Resistance _|Tq = 25°C 


Data Input Current OV < Voc < 15V Vom = 10V 
(Unterminated) Vom = 0V 


Vom = —10V 

Input Balance lout = 200 pA, Vout = -7V < Vou s 7V 0.4 
(Note 5) Voc — 1.2V, Rs = 5002 : 
lout = 1.6 mA, Vout < 0.5V —7V < Vom < 7V ~0.4 

Rg = 5002 , 


—0.4 
penser rarer fes= ay [Ts 


Logical ‘‘1” Strobe Input VstrRoBE = 15V, VoirF = 3V 400 
Current 

Logical ‘0” Strobe Input Vstrose = OV, Voirr = —3V ~100 
Current 


Logica! “1” Strobe Input VoL < 0.5V, lout = 1.6 mA 
Voltage 
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Electrical Characteristics (Notes 2 and 3) (Continued) 


Conditions 
Logical 0” Strobe Input Vou Voc — 1.2V, 


Voltage louT = —200 pA Voc = 10V 


Vcc = 15V 
Output Short-Circuit Current | Vout = OV, Vcc = 15V, Vstrose = OV, (Note 4) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. ; 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78C120 and across the 0°C to + 70°C range 
for the DS88C120. All typical values for Ta = 25°C, Voc = 5V and Voy = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. . 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA-RS422 for exact conditions. 


Switching Characteristics Vcc = 5v, Ta = 25°C 


Differential Input to “0” Output Cy = 50 pF 
tpd1(D) Differential Input to “1” Output CL = 50 pF 


tpao(s) Strobe Input to “0” Output CL = 50 pF 


tpd4(S) Strobe Input to ‘‘1” Output C, = 50 pF 





AC Test Circuit and Switching Time Waveforms 
Differential and Strobe Input Signal 


O 
STROBE 
*Includes probe and test fixture capacitance INPUT TL/F/5801-3 


2.5V 


Vec 


STROBE 
INPUT 


Ov 


OUTPUT 


10% 


te = ty < 10 ns tyd0(S) 
PRR = 1 MHz : TL/F/5801-4 


Note: Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection). 
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DS78C120/DS88C 120 
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Application Hints 


Balanced Data Transmission 


1/2 MM78C30 


LINE DRIVER 
1/2 0S78C120 


LINE RECEIVER 


021-988S0/02198Z2Sd 


TL/F/5801-5 


Unbalanced Data Transmission 
1/4 0S1488 
OR 1/4 03691 


1/2 DS78C120 
LINE RECEIVER 


TL/F/5801~-6 


Logic Level Translator 


1/2 DS78C120 
ECL GATE LINE RECEIVER 





ECL THRESHOLD O 


OUTPUT VOLTAGE 


Vir Vt Vin 
INPUT VOLTAGE 


TL/F/5801-8 


TL/F/5801-7 


The DS78C120/DS88C120 may be used as a level transistor to interface between + 12V MOS, ECL, TTL and CMOS. To configure, bias either input to a voltage 
equal to 1/4 the voltage of the input signal, and the other input to the driving gate. 
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DS78C120/DS88C 120 


Application Hints (Continued) 


LINE DRIVERS 


Line drivers which will interface with the DS78C120/ 
DS88C120 are listed below. 


Balanced Drivers 


DS26LS31 Quad RS-422 Line Driver 

DS7830, DS8830 Dual TTL 

DS7831, DS8831 Dual TRI-STATE® TTL 

DS7832, DS8832 Dual TRI-STATE TTL 

DS1691A, DS3691 Quad RS-423/Dual RS-422 TTL 

DS1692, DS3692 Quad RS-423/Dual TRI- STATE 
RS-422 TTL 

DS3587, DS3487 Quad TRI-STATE RS-422 


Unbalanced Drivers 


DS1488 Quad RS-232 
DS14C88 Quad RS-232 
DS75150 Dual RS-232 


RESPONSE CONTROL AND HYSTERESIS 

In unbalanced (RS-232/RS-423) applications it is recom- 
mended that the rise time and fall time of the line driver be 
controlled to reduce cross-talk. Elimination of switching 
noise is accomplished in the DS78C120/DS88C120 by the 
50 mV of hysteresis incorporated in the output gate. This 
eliminates the oscillations which may appear in a line receiv- 
er due to the input signal slowly varying about the threshold 
level for extended periods of time. 


High frequency noise which is superimposed on the input 
signal which may exceed 50 mV can be reduced in ampli- 
tude by filtering the device input. On the DS78C120/ 
DS88C120, a high impedance response control pin in the 
input amplifier is available to filter the input signal without 
affecting the termination impedance of the transmission 
line. Noise pulse width rejection vs the value of the re- 
sponse control capacitor is shown in Figures 7 and 2. This 
combination of filters followed by hysteresis will optimize 
performance in a worse case noise environment. 


TRANSMISSION LINE TERMINATION 


On a transmission line which is electrically long, it is advisa- 
ble to terminate the line in its characteristic impedance to 
prevent signal reflection and its associated noise/cross- 
talk. A 180 termination resistor is provided in the 
DS78C120/DS88C120 line receiver. To use the termination 
resistor, connect pins 2 and 3 together and pins 13 and 14 
together. The 1802 resistor provides a good compromise 
between line reflections, power dissipation in the driver, and 
IR drop in the transmission line. If power dissipation and IR 
drop are still a concern, a capacitor may be connected in 
series with the resistor to minimize power loss. 


The value of the capacitor is recommended to be the line 
length (time) divided by 3 times the resistor value. Example: 
if the transmission line is 1,000 feet long, (approximately 
1000 ns) the capacitor value should be 1852 pF. For addi- 
tional application details, refer to application notes AN-22 
and AN-108. 
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Application Hints (continued) 


FAIL-SAFE OPERATION 


Communication systems require elements of a system to 
detect the presence of signals in the transmission lines, and 
it is desirable to have the system shut-down in a fail-safe 
mode if the transmission line is open or shorted. To facilitate 
the detection of input opens or shorts, the DS78C120/ 
DS88C120 incorporates an input threshold voltage offset. 
This feature will force the line receiver to a specific logic 
state if presence of either fault is a condition. 


Given that the receiver input threshold is + 200 mV, an input 
signal greater than +200 mV insures the receiver will be in 
a specific logic state. When the offset control input (pins 1 
and 15) is connected to Voc = 5V, the input thresholds are 
offset from 200 mV to 700 mV, referred to the non-inverting 
input, or —200 mV to —700 mV, referred to the inverting 
input. Therefore, if the input is open or shorted, the input will 
be greater than the input threshold and the receiver will 
remain in a specified logic state. 


The input circuit of the receiver consists of a 5k resistor 
terminated to ground through 1202 on both inputs. This net- 
work acts as an attenuator, and permits operation with com- 
mon-mode input voltages greater than +15V. The offset 
control input is actually another input to the attenuator, but 
its resistor value is 56k. The offset control input is connect- 
ed to the inverting input side of the attenuator, and the input 
voltage to the amplifier is the sum of the inverting input plus 
0.09 times the voltage on the offset control input. When the 
offset control input is connected to 5V the input amplifier will 
see ViN(INVERTING) + 0.45V or ViIN(INVERTING) + 0.9V 
when the control input is connected to 10V. The offset con- 
trol input will not significantly affect the differential 


performance of the receiver over its common-mode operat- 
ing range, and will not change the input impedance balance 
of the receiver. 

It is recommended that the receiver be terminated (500 or 
less) to insure it will detect an open circuit in the presence 


of noise. 


The offset control can be used to insure fail-safe operation 
for unbalanced interface (RS-423) or for balanced interface 
(RS-422) operation. 

For unbalanced operation, the receiver would be in an inde- 
terminate logic state if the offset control input was open. 
Connecting the offset to 5V offsets the receiver threshold 
0.45V. The output is forced to a logic zero state if the input 
is open or shorted. 


For balanced operation with inputs shorted or open, receiv- 
er C will be in an indeterminate logic state. Receivers A and 
B will be in a logic zero state allowing the NOR gate to 
detect the short or open condition. The strobe will disable 
receivers A and B and may therefore be used to sample the 
fail-safe detector. Another method of fail-safe detection 
consists of filtering the output of the NOR gate D so it would 
not indicate a fault condition when receiver inputs pass 
through the threshold region, generating an output transient. 


In a communications system, only the control signals are 
required to detect input fault condition. Advantages of a bal- 
anced data transmission system over an unbalanced trans- 
mission system are: 

1. High noise immunity 

2. High data ratio 

3. Long line lengths 


Unbalanced RS-423 and RS-232 Fail-Safe 


(OFFSET CONTROL 
INPUT OPEN) 


OUTPUT VOLTAGE 


0 
INPUT VOLTAGE 
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DS78C120/DS88C 120 


Application Hints (Continued) 


BALANCED 
LINE DRIVER 


Balanced RS-422 Fail-Safe 


1 1/2 DS78C120 
LINE RECEIVERS 
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INPUT VOLTAGE 
TL/F/5801-14 


Truth Table (For Balanced Fail-Safe) 


D OUTPUT VOLTAGE 


INPUT VOLTAGE 
TL/F/5801-15 


STROBE 





0 1 
1 0 
0 0 
1 1 
4 1 
1 1 
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ZA National 


Semiconductor 


DS78LS120/DS88LS120 Dual Differential 
Line Receiver (Noise Filtering and Fail-Safe) 


General Description 


The DS78LS120 and DS88LS120 are high performance, 
dual differential, TTL compatible line receivers for both bal- 
anced and unbalanced digital data transmission. The inputs 
are compatible with EIA, Federal and MIL standards. 


The line receiver will discriminate a +200 mV input signal 
over a common-mode range of + 10V and a +300 mV sig- 
nal over a range of +15V. 


Circuit features include hysteresis and response control for 
applications where controlled rise and fall times and/or high 
frequency noise rejection are desirable. Threshold offset 
control is provided for fail-safe detection, should the input 
be open or short. Each receiver includes an optional 1802 
terminating resistor and the output gate contains a logic 
strobe for time discrimination. The DS78LS120 is specified 
over a —55°C to +125°C temperature range and the 
DS88LS120 from 0°C to + 70°C. 


Connection Diagram 


Input specifications meet or exceed those of the popular 
DS7826/DS8820 line receiver. 


Features 

@ Meets EIA standards RS232-C, RS422 and RS423, 
Federal Standards 1020, 1030 and MIL-188-114 

m Input voltage range of +15V (differential or common- 
mode) 

m Separate strobe input for each receiver 

m 5k typical input impedance 

@ Optional 1802 termination resistor 

mg 50 mV input hysteresis 


“m 200 mV input threshold 


Separate fail-safe mode 


Dual-iIn-Line Package 


FAIL-SAFE 


TERMI- 
Vcc OFFSET -INPUT NATION +INPUT STROBE 


RESPONSE 
TIME OUTPUT 


FAIL-SAFE-INPUT TERMI- +INPUT STROBE RESPONSEQUTPUT GND 


OFFSET NATION 


TL/F/7499-1 


Top View 


Order Number DS78LS120J, DS88LS120J, DS88LS120N or DS88LS$120M 
See NS Package Number J16A, M16A or N16A 
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DS78LS120/DS88LS120 


Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 4.5 
Office/Distributors for availability and specifications. Temperature (Ta) 


Supply Voltage 7V DS78LS120 —55 
Input Voltage  osBy ‘DS88LS1 20 0 
Strobe Voltage 7V Common-Mode Voltage (Vow) —15 
Output Sink Current 50 mA 

Storage Temperature Range —65°C to + 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1433 mV 
Molded Package 1362 mW 


Lead Temperature (Soldering, 4 sec) 260°C 


*Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/°C above 25°C. _ 


Electrical Characteristics (Notes 2 and 3) 


Symbol | Typ | Max | units 
Vr | Differential Threshold Voltage | lout = —400 pA, Vout = 2.5V |-7V<Voms7v | | 0.06 | 02 | 
[= svowsisv | | 006 | 08 | 


Vr. __| Differential Threshold Voltage — | lour = 4mA, Vout $ 0.5V.—-- | —7V < Vom <7V 
=18V < Vom 18V|__| -0.08| —0.3 | 
VrH | Differential Threshold Voltage | Ionut = —400 nA, Vout = 2.5V |-7V<Voms7V | | 


with Fail-Safe Offset = 5V lout = 4mA, Vout < 0.5V l—7V < Vom 7V_ | —0.2| 
—15V < Vom < 15V, OV < Voc < 7V 4 
Ta = 25°C : 100 


Data Input Current (Unterminated) | Vom = 10V 
Vom = OV OV < Vcc < 7V 
Vom = —10V 


input Balance louT = —400 pA, Vout 2 2.5V, | -7V < Vom 7V 

(Note 5) Rs = 5002 

lout = 4mA, Vout < 0.5V, —7V < Vom < 7V A 
Rs = 500 . 


N“N oO 
°o N 





—_ 
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a ° cS 





VOH Logical 1” Output Voltage louT = —400 pA, VoirF = 1V, Voc = 4.5V 
VoL Logical “0” Output Voltage lout = 4MA, VoirF = —1V, Voc = 4.5V 


loc Power Supply Current Voc = 5.5V Vom = 15V 
VpiFF = —0.5V, (Both Receivers) Vom = —15V 


lina) _ | Logical “1” Strobe Input Current | VstRose = 5.5V, Voirr = 3V ia 


HIN (0) Logical “0” Strobe Input Current | Vstrope = OV, Vpire = —3V 


nN 
© 
Oo 
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— 
nN 
:S 
o pS 


VIH Logical “1” Strobe Input Voltage | Vo, < 0.5, lout = 4mA 


VIL Logical ‘‘O” Strobe Input Voltage | Von = 2.5V, lout, = —400 pA ie] 
los __ | Output Short-Circuit Current Vout = OV, Voc = 5.5V, VstRoBE = OV, (Note 4) ~170] mA 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78LS120 and across the 0°C to + 70°C for the 
DS88LS120. All typical values are for Ta = 25°C, Voco = 5V and Vow = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA-RS422 for exact conditions. 


Vv 
Vv 


_ 
= 
np 
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Switching Characteristics voc = 5v, Ta = 25°C 


symbol Conditions Min | typ | Max | 
Differential Input to “‘0"’ Output | | aa | 60 | 
Differential Input to ‘'1’’ Output Response Pin Open, C, = 15 pF, RL = 2k | faa | 60 | 
Strobe Input to “0” Output | | te | os | 
Strobe Input to “1’’ Output | | a2 fs | 


AC Test Circuit and Switching Time Waveforms 


Differential and Strobe Input Signal 
OUTPUT 


O 
STROBE 
OPEN INPUT 
TL/F/7499-3 - 
*Includes probe and test fixture capacitance 


Vec 


STROBE " 
INPUT 


Ov 


OUTPUT 


tp =t¢< 10 ns 
PRR = 1 MHz : 
Note: Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection). TL/F/7499-4 


Application Hints 


Balanced Data Transmission 


0S1691A/0S3691 


LINE DRIVER 
1/2 DS78LS120 


INE RECEIVER 
TWISTED PAIR ia 


2 Ot 


STROBE 
TL/F/7499-5 
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DS78LS120/DS88LS120 


Application Hints (continued) 


Unbalanced Data Transmission 


1/4 DS1488 OR 
1/4081691A/0S3691 


39DVLIOA LNdLNO 


Vin Vr Vin 


INPUT VOLTAGE TL/F/7499-7 


The DS78LS120/DS88LS120 may be used as a level trans- 
lator to interface between +12V MOS, ECL, TTL and 
CMOS. To configure, bias either input to a voltage equal to 
¥ the voltage of the input signal, and the other input to the 
driving gate. 


LINE DRIVERS 


Line drivers which will interface with the DS78LS120/ 

DS88LS120 are listed below. 
Balanced Drivers 

DS26LS31 Quad RS-422 Line Driver 

Dual CMOS 

Dual TTL 

Dual! TRI-STATE TTL 

Dual TRI-STATE TTL 

Quad RS-423/Dual RS-422 TTL 


Quad RS-423/Dual TRI-STATE 
RS-422 TTL 


Quad TRI-STATE RS-422 


DS7830, DS8830 
DS7831, DS8831 
DS7832, DS8832 
DS1691A, DS3691 
DS1692, DS3692 


DS3487 


Unbalanced Drivers 
DS1488 
DS75150 


RESPONSE CONTROL AND HYSTERESIS 


In unbalanced (RS-232/RS-423) applications it is recom- 
mended that the rise time and fall time of the line driver be 
controlled to reduce cross-talk. Elimination of switching 
noise is accomplished in the DS78LS120/DS88LS120 by 
the 50 mV of hysteresis incorporated in the output gate. 
This eliminates the oscillations which may appear in a line 
receiver due to the input signal slowly varying about the 
threshold level for extended periods of time. 


High frequency noise which is superimposed on the input 
signal which may exceed 50 mV can be reduced in ampli- 
tude by filtering the device input. On the DS78LS120/ 
DS88LS120, a high impedance response control pin in the 
input amplifier is available to filter the input signal without 


Quad RS-232 
Dual RS-232 


1/2 DS78LS120 
LINE RECEIVER 


TL/F/7499-6 
Logic Level Translator 


1/2 DS78LS120 
ECL GATE LINE RECEIVER 


TL/F/7499-8 


affecting the termination impedance of the transmission 
line. Noise pulse width rejection vs the value of the re- 
sponse control capacitor is shown in Figures 7 and 2. This 
combination of filters followed by hysteresis will optimize 
performance in a worse case noise environment. 

100k 


NOISE PULSE WIDTH (ns) 
(FIGURE 2) 


RESPONSE CONTROL CAPACITOR (pF) 
TL/F/7499-9 
FIGURE 1. Noise Pulse Width vs | 
Response Control Capacitor 


RESPONSE CONTROL 


ai ite CAPACITOR 


NEGATIVE INPUT 7 
NOISE PULSE 
-2v 
[+> NOISE PULSE WIDTH 


2v 
POSITIVE INPUT 
NOISE PULSE Fi 
-0.5V 


TL/F/7499~10 
FIGURE 2 





Application Hints (Continued) 


TRANSMISSION LINE TERMINATION 


On a transmission line which is electrically long, it is advisa- 
ble to terminate the line in its characteristic impedance to 
prevent signal reflection and its associated noise/cross- 
talk. A 1800 termination resistor is provided in the 
DS78LS120/DS88LS120 line receiver, To use the termina- 
tion resistor, connect pins 2 and 3 together and pins 13 and 
14 together. The 180M resistor provides a good compro- 
mise between line reflections, power dissipation in the driv- 
er, and IR drop in the transmission line. If power dissipation 
and IR drop are still a concern, a capacitor may be connect- 
ed in series with the resistor to minimize power loss. 


The value of the capacitor is recommended to be the line 
length (time) divided by 3 times the resistor value. Example: 
if the transmission line is 1,000 feet long, (approximately 
1000 ns), and the termination resistor value is 1809, the 
capacitor value should be 1852 pF. For additional applica- 
tion details, refer to application notes AN-22 and AN-108. 


FAIL-SAFE OPERATION 


Communication systems require elements of a system to 
detect the presence of signals in the transmission lines, and 
it is desirable to have the system shut-down in a fail-safe 
mode if the transmission line is open or shorted. To facilitate 
the detection of input opens or shorts, the DS78LS120/ 
DS88LS$120 incorporates an input threshold voltage offset. 
This feature will force the line receiver to a specific logic 
state if presence of either fault is a condition. 


Given that the receiver input threshold is +200 mV, an input 
signal greater than +200 mV insures the receiver will be in 
a specific logic state. When the offset control input (pins 1 
and 15) is connected to Vcc = 5V, the input thresholds 


are offset from 200 mV to 700 mV, referred to the non-in- 
verting input, or —200 mV to —700 mV, referred to the 
inverting input. Therefore, if the input is open or shorted, the 
input will be greater than the input threshold and.the receiv- 
er will remain in a specified logic state. 


The input circuit of the receiver consists of a 5k resistor 
terminated to ground through 1202 on both inputs. This net- 
work acts as an attenuator, and permits operation with com- 
mon-mode input voltages greater than +15V. The offset 
control input is actually another input to the attenuator, but 
its resistor value is 56k. The offset control input is connect- 
ed to the inverting input side of the attenuator, and the input 
voltage to the amplifier is the sum of the inverting input plus 
0.09 times the voltage on the offset control input. When the 
offset control input is connected to 5V the input amplifier will 
see ViIN(INVERTING) + 0.45V or Vin(NVERTING) + 0.9V when 
the contro! input is connected to 10V. The offset control 
input will not significantly affect the differential performance 
of the receiver over its common-mode operating range, and 
will not change the input impedance balance of the receiver. 
It is recommended that the receiver be terminated (5000 or 
less) to insure it will detect an open circuit in the presence 
of noise. 


The offset control can be used to insure fail-safe operation 
for unbalanced interface (RS-423) or for balanced interface 
(RS-422) operation. 

For unbalanced operation, the receiver would be in an inde- 
terminate logic state if the offset control input was open. 
Connecting the fail-safe offset pin to 5V, offsets the receiver 
threshold to 0.45V. The output is forced to a logic zero state 
if the input is open or shorted. 


Unbalanced RS-423 and RS-232 Fail-Safe 


LINE RECEIVER 
1/2 0S78LS120 









(OFFSET CONTROL 
INPUT OPEN) 


OUTPUT VOLTAGE 


0 
INPUT VOLTAGE 
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TL/F/7499-11 


ive) 

ao 

x 

e 

S (OFFSET CONTROL 
5 INPUT = 5V) 

a 

= 

= 

o 


0 0.45V 


INPUT VOLTAGE 
TL/F/7499~12 
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DS78LS120/DS88LS120 


Application Hints (continued) 


Balanced RS-422 Fail-Safe 


BALANCED 
LINE DRIVER 


11/2 DS78LS120 
LINE RECEIVERS 


Ww 
o 
< 
Ke 
a_l 
o 
> 
—_ 
> 
a 
= 
) 
° 
a 
< 


INPUT VOLTAGE 


For balanced operation with inputs open or shorted, receiv- 
er C will be in an indeterminate logic state. Receivers A and 
B will be in a logic zero state allowing the NOR gate to 
detect the open or short condition. The strobe will disable 
receivers A and B and may therefore be used to sample the 
fail-safe detector. Another method of fail-safe detection 
consists of filtering the output of NOR gate D so it would not 
indicate a fault condition when receiver inputs pass through 
the threshold region, generating an output transient. 


Truth Table (For Balanced Fail-Safe) 


INPUT VOLTAGE 
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O 
STROBE 
TL/F/7499-13 


D OUTPUT VOLTAGE 
C OUTPUT VOLTAGE 


INPUT VOLTAGE 
TL/F/7499-14 


In a communications system, only the control signals are 
required to detect input fault conditions. Advantages of a 
balanced data transmission system over an unbalanced 
transmission system are: 

1. High noise immunity 

2. High data ratio 

3. Long line lengths 





Leo-l 


RESPONSE 
CONTROL 
O 


STROBE 
O 


FAIL-SAFE . FG NON-INVERTING 
OFFSET INPUT 


INVERTING 4 
INPUT 
TERMINATION 


O RESISTOR 
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O OUTPUT 
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DS8921/DS8921T/DS8921A/DS8921AT 


ZA National 


Semiconductor 


DS8921/DS8921T/DS8921A/DS8921AT 
Differential Line Driver and Receiver Pair 


General Description 


The DS8921, DS8921 are Differential Line Driver and Re- 
ceiver pairs designed specifically for applications meeting 
the ST506, ST412 and ESDI Disk Drive Standards. In addi- 
tion, these devices meet the requirements of the EIA Stan- 
dard RS-422. 


The DS8921 receiver offers an input sensitivity of 200 mV 
over a +7V common mode operating range. Hysteresis is 
incorporated (typically 70 mV) to improve noise margin for 
slowly changing input waveforms. 


The DS8921A driver is designed to provide unipolar differ- 
ential drive to twisted pair or parallel wire transmission lines. 
Complementary outputs are logically ANDed and provide an 
output skew of 0.5 ns (typ.) with propagation delays of 
12 ns. 


The DS8921A is designed to be compatible with TTL and 
CMOS. 


Connection Diagram 


Features 

@ 12 ns typical propagation delay 

m Output skew - 0.5 ns typical 

mu Meet the requirements of EIA Standard RS-422 

= Complementary Driver Outputs 

g High differential or common-mode input voltage ranges 
of +7V 

g +0.2V receiver sensitivity over the input voltage range 

m Receiver input hysteresis-70 mV typical 

gw DS8921T/DS8921AT industrial temperature operation 
(—40°C to +85°C) 


TL/F/8512-1 


_ Order Number DS8921M, DS8921N, DS8921AM, DS8921AN, DS8921J, 
DS8921AJ, DS8921TM, DS8921TN, DS8921TJ, DS8921ATM, DS8921ATN or DS8921ATJ 
See NS Package Number JO8A, MO8A or NO8E 


Truth Table 
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Absolute Maximum Ratings (note 1) . 

If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 165°C 
please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 sec.) 260°C 
Office/Distributors for availability and specifications. 


Supply Voltage 7V Recommended Operating 


Driver Input Voltage —0.5V to +7V Conditions 
Output Voltage 5.5V Min Max 


Receiver Output Sink Current 50 mA Supply Voltage 4.5 5.5 
Receiver Input Voltage +10V Temperature (Ta) 
Differential Input Voltage £12V (DS8921/DS8921A) 70 


Temperature (Ta) 
(DS8921T/DS8921AT) 


DS8921/DS8921A Electrical Characteristics (notes 2, 3 and 4) 


symbol | _——Gonaitions | win =| typ | ax | Units 
RECEIVER 
v4 | =7svous+7 | -200 || +200 
Vavst -=Nevonstny | ip ef 


Rin —7V < Vom < +7V 
Vin = 10V 
Vin = —10V 


LV1L268SG/VI268S0/1L1268SG/1268Sd 


lin 


Vou lou = —400 pA 
VoL lol = 8mA 

Isc 

DRIVER 

VIH 





Voc = MAX, Vin = 2.7V 
Voc = MAX, Vin = 7.0V 
Voc = MIN, lin = —18mA 
| Voc=MINion= -20ma | as | | 
| Voc=MINIgn=+20ma | | | 
lorF | Yeo = viVour=s6v ff go 
vim pS 
VT 


Vos - Vos| 
Isc Voc = MAX, Vout = 


DRIVER and RECEIVER 


loc Vcc = MAX, Vout = Logic 0 
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DS8921/DS8921T/DS8921A/DS8921AT 


Receiver Switching Characteristics (Figures 1 and 


Conditions a [See eee ee 
| ao2t =| so21a | as2tt | s921AT 


C. = 30 pF, 
(Figures 1, 2) 


CL = 30 pF, 
(Figures 1, 2) 


IToLH-TpHL CL = 30 pF, 
(Figures 1, 2) 


Driver Switching Characteristics (Figures 3 and 4 
SINGLE ENDED CHARACTERISTICS 


i Sea ea: 
| goat 8921A 8921T 8921AT 
CL = 30pF, 
(Figures 3, 4) Pf efi fos fos | 
CL = 30pF, 40 
(Figures 3, 4) 
CL = 30pF, 
(Figures 7, 8) 
CL = 30 pF, 
(Figures 7, 8) 
CL = 30pF, { 
(Figures 3, 4) 


Driver Switching Characteristics (Figures 3 ana 5) 
DIFFERENTIAL CHARACTERISTICS (Note 6) 


ee 
Ree Galle eae ee ee 
fomsso | |e fe |e | «| is 
tmesso | | * | * | « | | os | 

orto | moo | |e | ¢ | es |e | an | 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The Table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are referenced to ground unless 
otherwise specified. All values shown as max or min are classified on absolute value basis. ; 


Note 3: All typical values are Voc = 5V, Ta = 25°C. 
Note 4: Only one output at a time should be shorted. 
Note 5: Difference between complementary outputs at the 50% point. 


Note 6: Differential Delays are defined as calculated results from single ended rise and fall time measurements. This approach in establishing AC performance 
specifications has been taken due to limitations of available Automatic Test Equipment (ATE). 


The calculated ATE results assume a linear transition between measurement points and are a result of the following equations: 
_ (Tp X Trb) — (Tra X Tta) 
7 Trb — Tra — Tta + Tho 
Where: Te, = Crossing Point 
Tras Trp, Tig and Tfp are time measurements with respect to the input. See Figure 6. 





Ter 
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AC Test Circuits and Switching Diagrams 


OUTPUT 


ALL DIODES 
1N914 OR 
EQUIVALENT 


C, INCLUDES 


PROBE AND JIG 
CAPACITANCE 


TL/F/8512-3 
FIGURE 1 


INPUT C2 
e C3 | 


NOTE: R1 = 100 Ohms, C1 =C2=C3=30Pf— 
TL/F/8512-5 
FIGURE 3 


TL/F/8512-7 
FIGURE 5 
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TL/F/8512-4 


epee <--> 
DO TpLH DO TpHL 
D0 TpHL D0 TpLH 
TL/F/8512-6 


FIGURE 4 


' \ 
te eae te ee 
iO eal i, Ae 


60 
DO 


faite) tren | 
tt a= = tr Nag = = 


TL/F/8512-2 
FIGURE 6 
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DS8921/DS8921T/DS8921A/DS8921AT 


Typical Applications 


ST506 and ST412 Application 


DS8921A ! 0S8922 
roc 4 I rococo 4 


ok 
\ READ DATA 1 ai 
' 





“DRIVE 1 






DRIVE 2 





DISK DRIVES 


CONTROLLER 


TL/F/8512-8 


ESDI Application 
DS8923 ’ DS8923 


° ‘ 
‘ , ' 
O 
SS : NRZ READ DATA E| => 








O 
« [3 NRZ WRITE DATA = 


e 
3 WRITE CLOCK ' | | ween 


bb ccs cewe See oeee bo nmone ween nena 
DRIVE CONTROLLER 


DEN REN 


REN DEN 


TL/F/8512-9 
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ZA National 


Semiconductor 


DS8922/DS8922A/DS8923/DS8923A TRI-STATE® 
RS-422 Dual Differential Line Driver and Receiver Pairs 


General Description 


The DS8922/22A and DS8923/23A are Dual Differential 
Line Driver and Receiver pairs. These devices are designed 
specifically for applications meeting the ST506, ST412 and 
ESDI Disk Drive Standards. In addition, the devices meet 
the requirements of the EIA Standard RS-422. 


These devices offer an input sensitivity of 200 mV over a 
+7V common mode operating range. Hysteresis is incorpo- 
rated (typically 70 mV) to improve noise margin for slowly 
changing input waveforms. An input fail-safe circuit is pro- 
vided such that if the receiver inputs are open the output 
assumes the logical one state. 

The DS8922A and DS8923A drivers are designed to pro- 
vide unipolar differential drive to twisted pair or parallel wire 
transmission lines. Complementary outputs are logically 
ANDed and provide an output skew of 0.5 ns (typ.) with 
propagation delays of 12 ns. 

Both devices feature TRI-STATE outputs. The DS8922/22A 
have independent contro! functions common to a driver and 
receiver pair. The DS8923/23A have separate driver and 
receiver control functions. 


Connection Diagrams 
DS8922A Dual-In-Line 


: TL/F/8511-1 
Order Number DS8922N, J, M, 
DS8922AN, AJ, AM 
See NS Package Number N16A, J16A or M16A 


Truth Tables 


DS8922/22A 


| o | o | active | active | active | ACTIVE | 


pa | o | Mz | active | iz | active | 
fo | 1 active | HAZ | active | HiZ_| 





Power up/down circuitry is featured which will TRI-STATE 
the outputs and prevent erroneous glitches on the transmis- 
sion lines during system power up or power down operation. 
The DS8922/22A and DS8923/23A are designed to be 
compatible with TTL and CMOS. 


Features 
@ 12 ns typical propagation delay 
Output skew— + 0.5 ns typical 
Meets the requirements of EIA Standard RS-422 
Complementary Driver Outputs 
High differential or common-mode input voltage ranges 
of +7V 
+0.2V receiver sensitivity over the input voltage range 
Receiver input fail-safe circuitry 
Receiver input hysteresis—+ 70 mV typical 
Glitch free power up/down 
TRI-STATE outputs 


DS8923A Dual-In-Line 


TL/F/8511-2 


Order Number DS8923N, J, M 
DS8923AN, AJ, AM 
See NS Package Number N16A, J16A or M16A 


DS8923/23A 


| Ror | Roz | 
ACTIVE 
Hl 


Zz | Hz | HZ | 
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DS8922/DS8922A/DS8923/DS8923A 


Absolute Maximum Ratings (note 1) Differential Input Voltage =12N 


lf Military/Aerospace specified devices are required, Storage: temp eae Range =BS0 0 Bete 
please contact the National Semiconductor Sales Lead Temp. (Soldering, 4 seconds) 260°C 


Office/Distributors for availability and specifications. 2 
Supply Voltage - 7 Recommended Operating 


Drive Input Voltage -0.5V to +7V Conditions 

Output Voltage 5.5V Min Max 
Receiver Output Sink Current 50 mA Supply Voltage 4.5 5.5 

Receiver Input Voltage +10V Temperature (Ta) 0 70 


DS8922/22A and DS8923/23A Electrical Characteristics (Notes 2, 3, and 4) 


Symbol Conditions Min | 


RECEIVER 


VrH ~7V < Vom < +7V 


| =200__ | 
Vast | =7VsVomst7v | 8 
| =7sVoust7v | 

pve toy 

| v= atv 

| Voo=MINJon==400mA | 25 
___ 


Voc = MAX, Io. = 8mA 


Voc = MAX, Vout = 0V eS ee ee ee 


Voc = MIN, lon = —20 mA 
Voc = MIN, lo. = +20mA 
Voc = OV, Vout = 5.5V 


lVos-Vosl 


DRIVER and RECEIVER 


loz 


TRI-STATE Voc = MAX Vout = 0.4V 
Leakage 


| active 


TRLSTATE ae ee ee 


Voc = MAX, Vin = 2.7V 
Voc = MAX, Vin = 7.0V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The Table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are referenced to ground unless 
otherwise specified. All values shown as max or min are classified on absolute value basis. 


Note 3: All typical values are Voc = 5V, Ta = 25°C. 
Note 4: Only one output at a time should be shorted. 
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Receiver Switching Characteristics (Figures 1, 2and 2 


Parameter Conditions Typ ae eee Units 
8922/23 8922A/23A 


Tauro eso [id oe 
ae tal 


TpZH CL = 30 pF S1 Open 


VE7%68SG/E768SG/Vec68Sd/ez68Sa 


Driver Switching Characteristics (Figures 4, 5and6) 


Parameter Typ Units 
8922/23 8922A/23A 
2 
2 


SINGLE ENDED CHARACTERISTICS 


TpoLH CL = 30pF 1 
TpHL CL = 30 pF 1 


15 
15 
10 


IToLH—T pH CL = 30 pF ees Ge ee 
Skew a 2 


Skew (Channel to Channel) 
Totz 
TpHz 


Tozu | ol=s0pF | | 
Tpzt | cl=90pF | 


Differential Switching Characteristics (Note 6, Figure 7 


Parameter Typ [| Max 
8922/23 8922A/23A 


Note 5: Difference between complementary outputs at the 50% point. 


Note 6: Differential Delays are defined as calculated results from single ended rise and fall time measurements. This approach in establishing AC performance 
specifications has been taken due to limitations of available Automatic Test Equipment (ATE). 


The calculated ATE results assume a linear transition between measurement points and are a result of the following equations: 
_ (Tfb x Trb) — (Tra x Tfa) 
~ Trb — Tra — Tia + Ttb 
Where: Ter = Crossing Point 
Tra, Trb, Tfa and Tfb are time measurements with respect to the input. 





Ter 


Switching Time Waveforms 


1.3V --+ itp 
Tbe err 1 
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DO 
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tient thy i -- 
TL/F/8511-3 





1-235 


DS8922/DS8922A/DS8923/DS8923A 


AC Test Circuits and Switching Waveforms 


Voc 
FROM OUTPUT ) 
UNDER TEST 
1 2K 


) 
C, INCLUDES ALL DIODES . 


PROBE AND JIG 1N914 OR 
CAPACITANCE EQUIVALENT 


TL/F/8511-4 


FIGURE 1 


#2.5V 
VID 
=-2.5V 


TL/F/8511-5 


FIGURE 2 


3.0V 
\ 1.3V f 1.3V 
0.0V-~ ~~: 


~ | 

t ! 
Vou ----! _ Voy 0.1V 
1.3V 


“OV “1.5V 
i] 


=1.5V 
--~-VoL + 0.1V 


“4.5V 


I 
I 
t I 

TpZH aes TpHZ ies -> 
I 
t 
\ 


| 
1.3V 
Yo.----| 


| 
TpZLt---~! — TpLZi<---! 
TL/F/8511-6 


FIGURE 3 


NOTE: C1=C2=C3=30 pF ,RI=R2=50 N , R3I=500 0 
TL/F/8511-7 


FIGURE 4 
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AC Test Circuit and Switching Waveforms (Continued) 


i} | 


' ' 1 ' 
|< - | I= — >! 


DO TpLH DO TpHL 


00 TpHL 00 TpLH 
. TL/F/8511-8 


FIGURE 5 


VE768SG/E268S0/Ve2268S0/2268S0 


1.8V --=-' 
Vo u VOL + .3V : ' 


Vou VOH = .3V ! 


wv----} | 7 
TpHZ !-<- - >! TpZH <-->! 


TL/F/8511-9 


FIGURE 6 





TL/F/8511-10 


FIGURE 7 
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DS8922/DS8922A/DS8923/DS8923A 


Typical Applications 


ESDI Application 
DS8923 : ve DS8923 


aS! NRZ READ DATA ED D> 


CONTROLLER 


ST504 and ST412 Applications 


DRIVE 1 


<p 


MFM READ DATA 
READ DATA 2 i 
| MFM WRITE DATA 


! 
DRIVE 2 ! 


| | 
<li WRITE DATA 2 
ae 
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DISK DRIVES 


ENT 


EN2 


CONTROLLER 
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DS8924 Quad TRI-STATE® Differential Line Driver 


General Description 


The DS8924 is a quad differential line driver designed for 
digital data transmission over balanced lines. The outputs 
are TRI-STATE® structures which are forced to a high im- 
pedance state when the appropriate output control pin 
reaches a logic zero condition. All input pins are PNP buff- 
ered to minimize input loading for either logic one or logic 
zero inputs. In addition, internal circuitry assures a high im- 
pedance output state during the transition between power 
up and power down. 

The DS8924 is pin and functionally compatible with 
DS3487. It features improved performance over 3487-type 
circuit as outputs can source and sink 48 mA. In addition, 
outputs are not significantly affected by negative line reflec- 
tions that can occur when the transmission line is untermi- 
nated at the receiver end. 


Block and Connection Diagrams 


NON-INVERTING 


INVERTING 


OUTPUT 
CONTROL 


TL/F/8507-1 


Truth Table 


Features 

m Four independent driver chains 

@ TRI-STATE outputs 

m PNP high impedance inputs 

m™ Power up/down protection 

@ Fast propagation times (typ 12 ns) 

™ TTL compatible 

m Single 5V supply voltage 

™ Output rise and fall times less than 20 ns (typ 10 ns) 
mg Pin compatible with DS3487 and MC3487 
™@ Output skew—2 ns typ 


Dual-in-Line Package 
INPUTA 


OUTPUTS A 


3 | OUTPUTS D 
A/B CONTROL 


C/D CONTROL 
OUTPUTS B 
OUTPUTS C 


10 
INPUT B 


GND INPUT C 


TL/F/8507-2 
Top View 
Order Number DS8924J or N 
See NS Package J16A or N16A 





Non-Inverter 
—_ 


Inverter 
ra 





L = Low logic state 

H = High logic state 

X = Irrelevant 

Z = TRI-STATE (high impedance) 
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DS8924 


Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C 

please contact the National Semiconductor Sales Cavity Package 1550 mW 
Office/Distributors for availability and specifications. Molded Package 1560 mW 
Supply Voltage 7V *Derate cavity package 10.3 mW/°C above 25°C; derate molded package 


Input Voltage 5.5V 12.5 mW/°C above 25°C. 
Storage Temperature —65°C to + 150°C Operating Conditions 
Lead Temperature (Soldering, 4.sec.) 260°C Min Max 
. Supply Voltage (Vcc) 
ps8e24 2 AT 
Temperature (Ta) 
DS8924 


toa) 


5.25 


Electrical Characteristics (Notes 2, 3, 4 and 5) 


Symbol_| Parameter _—+(| Conditions _—_—_| 

Vi input Low Voltage es 
input High Voltage [eas ee 
Input Low Current Vit = 0.5V 


Input High Current Vin = 2.7V 
Vin = 5.5V 


| Output Short-CircuitCurrent | 


| itoronssin Capa Oot Vatage — 


Vos - Vos!_| Difference in Output Offset Voltage 


Vt Differential Output Voltage eee et ee 2.0 


o;n 


fh} 


fo] 
So 


oO 
n 


|Vz| - [Vr| Difference in Differential Output 
Voltage 


loc Power Supply Current 
TRI-STATE 


Switching Characteristics Voc = 5v, Ta = 25°C 


Cs | 
< 
G 
~J 
| Oo 
. a 7 
oi x 


Parameter T 


| Conditions | Min 
| InputtoOutput | 
| InputtoOutput | 
| Outputto Output ||] Cu=sopF | | 
| DitferentialFallTime | Tt 
| DifterentialRiseTime | | tt 20 

EnabletoOutput_ | PL = 2000, =50pF | | 

Enable to Output 20 

Enable to Output 

Enable to Output 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C range for the DS8924. All typicals are given for Veg = 5V and Ta = 28°C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Symbols and definitions correspond to EIA RS-422, where applicable. 


< 
Zu 
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- Test Circuits and Switching Time Waveforms 


yc68Sd 








INPUT 
Rt 
200 


1/4 DS8924 


OUTPUT 
INPUT 


OUTPUT 


Cy = 50 pF 
INCLUDES PROBE 


AND JIG CAPACITANCE OUTPUT 





Input pulse: f = 1 MHz, 50%; t, = tp < 15 ns. 


TL/F/8507-3 
FIGURE 1. Propagation Delays 





5V 
1/4 DS8924 200 
3V OR OUTPUT 
ov 
CONTROL 
INPUT 
CONTROL 
INPUT Vou 
OUTPUT 
OUTPUT 
VoL 
O 
$2 Input pulse: f = 1 MHz, 50%; t, = te < 15 ns. 
S1 and S2 closed except as noted. S1 = open for tpzy 
Cy includes probe and jig capacitance. $2 = open for tpzL 


. TL/F/8507-4 
FIGURE 2. TRI-STATE Enable and Disable Delays 


ws 
TEMCT2 OV 


CURRENT TRANSFORMER 
OR EQUIVALENT 


Rt 
OUTPUT 100 








INPUT 


1/4 088924 





c OUTPUT 
15 pF (DIFFERENTIAL) 
INCLUDING PROBE 
| AND JIG CAPACITANCE tri tTHL 
= = Input pulse: f = 1 MHz, 50%; tp = te < 15ns. 


TL/F/8507-5 
FIGURE 3. Differential Rise and Fall Times 
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»A9616H/DS9616H 


ZA National 


Semiconductor 


».A9616H/DS9616H 
Triple Line Driver 


General Description 


The »A9616H/DS9616H is a triple line driver which meets 
the electrical interface specifications of EIA RS-232-C and 
CCITT V.24 and/or MIL-STD-188C. Each driver converts 
TTL/DTL logic levels to EIA/CCIT and/or MIL-STD-188C 
logic levels for transmission between data terminal equip- 
ment and data communications equipment. The output slew 
rate is internally limited and can be lowered by an external 
capacitor; all output currents are short circuit limited. The 
outputs are protected against RS-232-C fault conditions. A 
logic HIGH on the inhibit terminal interrupts signal transfer 
and forces the output to a Vo, (EIA/CCITT MARK) state. 


For the complementary function, see the »A9627DM/ 
DS9627MJ Dual EIA RS-232-C and MIL-STD-188C Line Re- 
ceiver. 


Connection Diagrams 
14-Lead DIP 





TLF/10815~1 
Top View 
Order Number DS9616HJ/883 


(uA9616HDMQB Equivalent) 
See NS Package Number J14A 


Features 

@ internal slew rate limiting 

@ Meets EIA RS-232-C and CCITT V.24 and/or 
MIL-STD-188C 

@ Logic true inhibit function 

m@ Output short circuit current-limiting 

m= Output voltage levels independent of supply voltages 





20-Terminal LCC 





TL/F/10815-2 
Top View 


Order Number DS9616HE/883 
(4A9616HLMGB Equivalent) 
See NS Package Number E20A 
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Absolute Maximum Ratings 


If Military/Aerospace specifled devices are required, 
please contact the Natlonal Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Storage Temperature Range —65°C to + 175°C 
Operating Temperature Range —55°C to + 125°C 
Lead Temperature (Soldering, 60 seconds) 300°C 


Internal Power Dissipation (Note 4) 


DIP and CCP 400 mW 


.A9616HQB ; 


+15V 
—1.5V to +6.0V 
£15V 


Supply Voltage 
Input or Inhibit Voltage 


Output Signal Voltage 
Note 1: Vi} and Vi, are guaranteed by the Voy and Vo, tests. 
Note 2: All input and supply leads are grounded. 


Note 3: An external capacitor may be needed to meet signal wave shaping 
requirements of MIL-STD-188C at the applicable modulation rate. No exter- 
nal capacitor is needed to meet RS-232-C. 


Note 4: Rating applies to ambient temperatures up to 125°C. Above 125°C 
ambient, derate linearly at 120°C/W. 


Electrical Characteristics +10.v < Vec < +13.2V, RL = 3.0 kN, unless otherwise specified 


Characteristic 
Output Voltage HIGH 


Symbol 
VOH 


Vor Output Voltage LOW Vi 


Output Voltage HIGH to 


Output Voltage LOW 
Magnitude Matching Error 


Positive Output Short 
Circuit Current 


Negative Output Short 
Circuit Current 


Input Voltage HIGH (Note 1) 
Input Voltage LOW (Note 1) 
Input Current HIGH 





Input Current LOW 
Positive Supply Current 


Negative Supply Current 


Output Resistance, Power Off 
(Note 2) 


Positive Slew Rate 
(Note 3) 


Negative Slew Rate 
(Note 3) 


Viq and/or 
Vi2 = VinHipit = 0.8V 


= Vio = Vinuipit = 2.0V 


Rr = 00, Vj, and/or 

Vi2 = Vinuisit = 0.8V 
R, = 00, 
Vin = Vio = Vinuipit = 2.0V 


| 
fo) 


Vii = Vie = 2.4V 
Vin = Vi2 = 5.5V 
Vit = Vag = 0.4V 
Vir = Vi2 = VinHipit = 0.8V 
Vin = Vie = VinHipit = 2.0V 
Via = Vio = Vinuipit = 0.8V 
Vi = 
—2.0V < Vo < 0.5V 


th 


Cy. = 2500 pF, Rt = 3.0kn 
(See Figure 1) 


CL = 2500 pF, Rr = 3.0kn 
(See Figure 7) 
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Vio = VinHipit = 2.0V 


By 
ro} 


NI 


H 
—_ 
(o) 


{ 
—b 
th 


_ 
nh 


o | I 
oO — 
oO oi roy 
= 
oa 


| = 

5 + 
-— o;};o 
t=) 


> 
°o 





H9196SC/H9L96W7 





p»A9616H/DS9616H 


IN1 or 2 
(INHIBIT = LOW) 


INHIBIT 1/3 1A9616 


TL/F/10815-3 
Omit Vi2 for channel “C”. 
Input: FR = 50 kHz 
Pulse Width = 20 ps TL/F/10815~4 
tr = te = 10 +5.0 ns 
FIGURE 1. Switching Time Test Circult and Waveforms 


Primary Burn-In Circuit 


INAI V+ 
INA2 IN B1 
INHIBIT A IN B2 
OUTA INHIBIT B 
INC OUTB 
INHIBIT C OUTC 
GND \- 


TL/F/10815-5 
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Equivalent Circuit (14 of circuit) 


R9 
10.70 


INHIBIT 


H9L96SC/H9lL 96" 


TO OTHER 
CIRCUITS 


TL/F/10815-6 
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p.A9622/DS9622 


Za National 


Semiconductor 


.A9622/DS9622 Dual Line Receiver 


General Description 

The »A9622/DS9622 is a dual line receiver designed to 
discriminate a worst case logic swing of 2V from a +10V 
common mode noise signal or ground shift. A 1.5V thresh- 


old is built into the differential amplifier to offer a TTL com- - 


patible threshold voltage and maximum noise immunity. The 
offset is obtained by use of current sources and matched 
resistors. 

The pA9622/DS9622 allows the choice of output states 
with the input open, without affecting circuit performance by 
use of S3. A 1309 terminating resistor is provided at the 
input of each line receiver. An enable is also provided for 
each line receiver. The output is TTL compatible. The output 


Connection Diagram 





high level can be increased to 12V by tying it to a positive 
supply through a resistor. The output circuits allow wired-OR 
operation. : ; 


Features 

@ TTL compatible threshold voltage 

@ Input terminating resistors 

& Choice of output state with inputs open 
m@ TTL compatible output 

g@ High common mode 

@ Wired-OR capability 

m Enable inputs 

m Logic compatible supply voltages 


14-Lead DIP 


TL/F/9760~2 


Top View 


Order Number ,,A9622DM or DS9622MJ 
See NS Package Number J14A* 


* For most current package information, contact product marketing. 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Voltage Applied to Outputs 

please contact the National Semiconductor Sales for Output High State —0.5V to +13.2V 
Office/Distributors for availability and specifications. V- to GND —0.5V to —12V 
Storage Temperature Range —65°C to + 175°C Enable to GND —0.5V to +15V 
Operating Temperature Range —§5°C to +125°C 

Lead Temperature (Soldering, 60 sec.) 300°C Operating Conditions 

Internal Power Dissipation (Note 5) 400 mw Min 

V+ to GND —0.5V to +7.0V Supply Voltage, Voc 4.5 

Input Voltage +15V Temperature, Ta —55 


7e96SC/ec96v" 


Electrical Characteristics (notes 2, 3) 
Symbol Parameter 


VoL Output Voltage LOW V+ =S3 = 4.5V,V- = -11V, 
VpoIFE = 2.0V, lo_ = 12.4 mA, 


EN = Open 


VoH Output Voltage HIGH V+ = 4.5V,V- = —9.0V, 
$3 = OV, Vpirr = 1.0V, 
lon = —0.2 mA, EN = Open 


IcEx Output Leakage Current V+ = 4.5V,V- = —-11V, 
$3 = OV, Vpifg = 1.0V, 
Vo = 12V, EN = Open 


los Output Short Circuit V+ = 5.0V,V- = —10V, 
Current (Note 4) VpDIFF = 1.0V, Vo = S3 = OV, 
EN = Open 


IR(EN) Enable Input 
Leakage Curent 

IF(EN Enable Input 
Forward Current 


= I-(+ IN) + Input Forward Current 


V+ = §3 = 4.5V,V- = —11V, 
In = Open, EN = 4.0V 


Vt = 5.5V,V- = —9.0V 
V, = Open, EN = $3 = OV 


Vt = 5.0V,V- = —10V, 


Vit = OV, V)- = GND, 
EN = S3 = Open 


1e(—IN) — Input Forward Curent V+ = $3 = 5.0V,V- = —10V, 
V+ = GND, V\- = OV, 
EN = Open 


ViL(EN) Input Voltage LOW 4.5V < Vt <5.5V, 


—-11V <V- < -9.0V, 
EN = Open 


VTH Differential Input 4,.5V,<Vt < 5.5V, 
Threshold Voltage —-11V <V- < -9.0V, 1.0 
Vom Common Mode Voltage V+ = 5.0V, V- = —10V, 25°C ~10 +410 
1.0V < Vpier s 2.0V 


Rr TerminaiingResisance [| ——SSSC~<“~*~idCSC“‘“(;!ST(ON «YC 
I+ Positive Supply Current 
I~ Negative Supply Current 


SWITCHING CHARACTERISTICS Ta = 25°C 
Propagation Delay 
to High Level 
Propagation Delay ; 
t Li 
eee (See Figure 1) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to + 125°C temperature range. All typicals are given for Vcc = 5V and Ta = 25°C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Rating applies to ambient temperatures up to + 125°C. Above 125°C ambient, derate linearity at 120°C/W. 
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p.A9622/DS9622 


Switching Time Test Circuit and Waveforms 


TL/F/9760-4 
TL/F/9760-5 


FIGURE 1 


Y= 
TL/F/9760-6 


Typical Applications | 
When S3 is connected to V—, open inputs cause output to be high. When V+ = 5V, V— = —10V and S3 is connected to 
ground, open inputs cause output to be low. 
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77 National 


Semiconductor 


.A9627/DS9627 Dual Line Receiver 


General Description 

The »A9627/DS9627 is a dual-line receiver which meets 
the electrical interface specifications of EIA RS-232C and 
MIL-STD-188C. The input circuitry accommodates + 25V in- 
put signals and the differential inputs allow user selection of 
either inverting or non-inverting logic for the receiver opera- 
tion. The »A9627/DS9627 provides both a selectable hys- 
teresis range and selectable receiver input resistance. 
When pin 1 is tied to V—, the typical switching points are at 
2.6V and —2.6V, thus meeting RS-232-C requirements. 
When pin 1 is open, the typical switching points are at 
50 pA and —50 pA, thus satisfying the requirements of MIL- 
STD-188C LOW level interface. Connecting the RA and/or 
RB pins to the (—) input yields an input impedance in the 
range of 3 kf. to 7 kA. and satisfies RS-232-C requirements; 
leaving RA and/or RB pins unconnected, the input resist- 
ance will be greater than 6 kQ. to satisfy MIL-STD-188C. 


Connection Diagram 


The output circuitry is TTL/DTL compatible and will allow 
“collector-dotting” to generate the wired-OR function. A 
TTL/DTL strobe is also provided for each receiver. 


Features 

g EIA RS-232-C input standards 

gm MIL-STD-188C input standards 

Variable hysteresis contro! 

@ High common mode rejection 

@ R control (5 kN or 10 kN) 

@ Wired-OR capability 

m@ Choice of inverting and non-inverting inputs 
@ Outputs and strobe TTL compatible 


16-Lead DIP 


HYSTERESIS 


TL/F/9761-1 


Top View 


Order Number ,,A9627DM or DS9627MJ 
. See NS Package Number* J16A 


*For most current package information, contact product marketing. 
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»A9627/DS9627 


Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, Input Voltage Referred to GND + 25V 
please contact the National Semiconductor Sales Strobe to GND —0.5V to +5.5V 
Office/Distributors for availability and specifications. Applied Output Voltage —~0.5V to +15V 


Storage Temperature Range —65°C to + 175°C 

Operating Temperature Range —55°C to + 125°C Operating Conditions 
Lead Temperature (Soldering, 60 sec.) 300°C Min 
Internal Power Dissipation (Note 5) 400 mW Supply Voltage (Vcc) 4.5 
V+ to GND OV to +15V Temperature (Ta) —55 
V- to GND OV to —15V 


Electrical Characteristics 
Hysteresis, —IN A, —IN B, RA and RB Open for MIL-STD-188C, unless otherwise specified (Notes 2 and 3) 


Symbol Characteristics [| Conditions | Min | Max | Units 
VoL Output Voltage LOW V+ = 10.8V,V—- = —13.2V, 
. Vit = 0.6V, lo, = 6.4mA 
VoH Output Voltage HIGH V+ = 10.8V,V—- = —13.2V, 
Vit = 0.6V, low = —0.5 mA 
los Output Short Circuit vt = 13.2V,V~- = —10.8V, 
Current (Note 4) Vit = 0.6V, Vo = OV 


liH(ST) Input Current HIGH Vt = 10.8V, 
(Strobe) V- = -13.2V, Vi+ = 0.6V 


R; Input Resistance V+ = 13.2V,V- = —13.2V, 
—3.0V < V\+ < 3.0V 


Ity* Positive Threshold Current +10.8V < Voc < +13.2V, 
100 
Vo = 2.4V 
ItH7 Negative Threshold Current . +10.8V < Voc < £13.2V, 
Vo = 0.4V 


Vii(ST) Input Voltage LOW (Strobe) Vit = —0.6V 


Vin(ST) Input Voltage HIGH (Strobe) | V+ = 13.2V,V- = —10.8V, 
vit = —0.6V 


|+ Positive Supply Current £10.8V < Voc < £13.2V 
Vit = —0.6V 
I~ Negative Supply Current £10.8V < Voc < £13.2V ~16 
_ Vt = 0.6V 


Electrical Characteristics +n A and —IN B connected to ground, RA and RB connected to —IN A and —INB 
and Hysteresis connected to V~ for RS-232C, unless otherwise specified 


[characteristics | Conditions | Mm | wax 

[=s0veys-2v | a0 | 70 | 
nputvonage —SCidCSSC“‘“‘;SSOC~*dSCOC20”~=*dS~Ci 
[Postive ThreshowVorage | ——SC~CSC~idSSSCSC*idCi 
[Negative TivestokdVotage | _———S~C~dSC“CS | 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to + 125°C temperature range. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Rating applies to ambient temperatures up to + 125°C. Above 125°C ambient, derate linearity at 120°C/W. 
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Electrical Characteristics Voc = +12V for MIL-STD-188C and RS-232C, Ta = 25°C 


Characterlstics Conditions | Min | Max | 
Propagation Delay to High Level (See Figure 1) a a 
Propagation Delay to Low Level (See Figure 7) i 


Vo 


me =] 2 «STROBE 


~ ae 


V==-12V 
HYS OPEN = 
TL/F/9761~-2 


TL/F/9761-3 
15 pF includes jig capacitance. All diodes are FD777 or equivatent. 


PRR = 10 kHz 
PW = 50 ps 
t = t = 5ns 
FIGURE 1. Switching Time Test Circuit and Waveforms 
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.A9627/DS9627 
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TL/F/9761-4 





ZA National 


Semiconductor 


DS9636A/,A9636A 
RS-423 Dual Programmable Slew Rate Line Driver 


General Description 


The DS9636A/pA9636A is a TTL/CMOS compatible, dual, 
single ended line driver which has been specifically de- 
signed to satisfy the requirements of EIA Standard RS-423. 
The DS9636A/pA9636A is suitable for use in digital data 
transmission systems where signal wave shaping is desired. 
The output slew rates are jointly controlled by a single exter- 
nal resistor connected between the wave shaping control 
lead (WS) and ground. This eliminates any need for external 
filtering of the output signals. Output voltage levels and slew 
rates are independent of power supply variations. Current- 
limiting is provided in both output states. The DS9636A/ 
pA9636A is designed for nominal power supplies of +12V. 


Connection Diagram 
. 8-Lead DIP 


TL/F/9620-1 
Top View 


*For most current package information, contact product marketing. 


Inputs are TTL compatible with input current loading low 
enough (1/10 UL) to be also compatible with CMOS logic. 
Clamp diodes are provided on the inputs to limit transients 
below ground. 


Features 

m Programmable slew rate limiting 

m@ Meets EIA Standard RS-423 

m Commercial or extended temperature range 
m@ Output short circuit protection 

m TTL and CMOS compatible inputs 


Order Number DS9636ACUJ, pA9636ARC, 
DS9636AMJ, »A9636ARM or DSI636ACN, pAS636ATC 
See NS Package Number JO8A or NO8E 
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DS9636A/A9636A 


Absolute Maximum Ratings (note 1) a 
If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C (Note 5) 
please contact the Natlonal Semiconductor Sales Cavity Package 1560 mW 


Office/Distributors for avallabillty and specifications. Molded Package 1300 mW 
Storage Temperature Range V+ Lead Potential to Ground Lead V—- to +15V 
Ceramic DIP —65°C to + 175°C V— Lead PotentialtoGroundLead == —- +0,5V to —15V 
Moet OE 2. & gf SOP Ieee V+ Lead Potential to V— Lead  0Vto +30V 


Lead Temperature . sa 
Ceramic DIP (Soldering, 60 seconds) 300°C Output Potential to Ground Lead sah 
Molded DIP (Soldering, 10 seconds) 265°C Output Source Current —150 mA 
Output Sink Current 150 mA 





Recommended Operating Conditions 


Characteristics 
Typ 


2 


ah 


13.2 
—10.8 


Positive Supply Voltage (V+) 
Negative Supply Voltage (V—) 


nN 
on 


N 


Operating Temperature (Ta) 


Wave Shaping Resistance (Rws) 1000 


Electrical Characteristics over recommended operating temperature, supply voltage and wave shaping resist- 


ance ranges unless otherwise specified (Notes 2 and 3) 


symbol | Parameter | Conditions 
Von Output Voltage HIGH R, to GND (Rr = ©) 


Units 


| Min | 
| 50 | 
Vous | ALtoGND(A,= 3.0K) | 50 
Vous | | PLtoGND (A, = 4500) | 40 | 
Vout Output Voltage LOW | RLtoGND(RL =~) | —60 | 
Vouz | | RLtoGND(AL=3.0kn) | -60__ 
| -80 | 
ia 
| —150_| 
bs ae) 
| 100 _ | 


I 
p 
oO 





Vous Ri to GND (R, = 4502) 
Ro Output Resistance 4500 < R, 
los + Output Short Circuit Current (Note 4) Vo = OV, V; = OV 


los— Vo = OV, Vj = 2.0V 15 150 
—1.5 = 


+100 


loex = 100 
Vin | lmputVotageHigH | 
| inputVotagecow | 


Ea 

Peal 

Lies) 

|= 0. [ses | 

Input Current HIGH ee ee 
Pwesy | 


= 
oO 


Positive Supply Current Voc = £12V,RL = ©, 
Rws = 100 ko, V; = OV 
Negative Supply Current Veco = £12V,R, = ©, 
Rws = 100k, V; = OV 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified Min/Max limits apply across the —55°C to + 125°C temperature range for the DS9636AM and across the 0°C to + 70°C range 
for the DS9636AC. All typicals are given for Vcc = 5V and Ta = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 

Note 5: Ratings apply to ambient temperature at 25°C. Above this temperature, derate J and N packages 10.4 mW/°C. 


Typ 
5.7 
5.4 
1.1 

1.0 
13 
—13 mA 
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Switching Characteristics voc = +12v +10%, Ta = 25°C, see AC Test Circuit 


Lae A a ee 
RisoTime | Rws= torn | os | ts | ta 

| Aws=tooxn | a0 | ts | ts 

| Aws=sooxn | ao || 

| Fws=1000Ke | go | toto 

FaliTime = | Aws=toKn | oo | tat Tt 

| Aws=toowe | so | tt Tt 

| Aws=sookm | 40 | 5 | 

| Fws=1000K0 | ao | tio | 


voe96v7 /woe96SG 
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DS9636A/»,A9636A 


Typical Performance Characteristics 


Input/Output Transfer Input Current vs Output Current vs 
Characteristic vs Temperature Input Voltage Output Voltage (Power On) 
50 


SEREeES er erat 
ed Ades etna R= 4500 PET tis y= = 25°C 

J eee 

a 


rr mime SPEER 
palit EEE 


OUTPUT VOLTAGE ~ V 
INPUT CURRENT = pA 


OUTPUT CURRENT = mA 





= SEH 
0 10 20 30 40 50 60 70 10 8.0 -6.0-40-200 20 40 60 80 10 
INPUT VOLTAGE = V INPUT VOLTAGE - V OUTPUT VOLTAGE = V 


Output Current vs Supply Current 
Output Voltage (Power Off) vs Temperature Transition Time vs Rws 
L | | | TT Veg = #t2v ‘ 

|_| Rus = 100ka 


| | | 
HE iol 4 














OUTPUT CURRENT = pA 
SUPPLY CURRENT = mA 
RISE AND FALL TIME = pS 























1 1.0 
=10 -8.0 -6.0-40-2.0 0 20 40 60 80 10 10K 20KSOK 100K 300K 1.0M 3.0M 


OUTPUT VOLTAGE = V WAVE SHAPING RESISTANCE = 2 
TL/F/9620-3 


+3.0V 
50% 50% 


ov 
DS9636A/ Z| }e— true 2 teLy 


AQ636A 
. 90% 


Vi Yo 
Amplitude: 3.0V 
Offset: OV 4 he —>|t 
Pulse Width: 500 ps TL/F/9620-5 
PRR: 1.0 kHz 
t = ts < 10 ns 
-12V TL/F/9620-4 
Note: C, includes jig and probe capacitance 


FIGURE 1. AC Test Circuit and Waveforms 


TWISTED PAIR SOY 


OR 
FLAT CABLE 


DS9636A/ 


AES DS9637A/ 


HAQE37A 


TL/F/9620-6 
FIGURE 2. RS-423 System Application 
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ZA National 


Semiconductor 


DS9637A/uA9637A 
Dual Differential Line Receiver 


General Description 


The DS9637A/):A9637A is a Schottky dual differential line 
receiver which has been specifically designed to satisfy the 
requirements of EIA Standards RS-422 and RS-423. In addi- 
tion, the DS9637A/p,A9637A satisfies the requirements of 
MIL-STD 188-114 and is compatible with the International 
Standard CCITT recommendations. The DS9637A/ 
pA9637A is suitable for use as a line receiver in digital data 
systems, using either single ended or differential, unipolar or 
bipolar transmission. It requires a single 5V power supply 
and has Schottky TTL compatible outputs. The DS9637A/ 
p.A9637A has an operational input common mode range of 
+7V either differentially or to ground. 


Connection Diagram 
8-Lead DIP and SO-8 Package 


TL/F/9621-1 
Top View 


Features 

@ Dual channel 

m Single 5V supply 

m Satisfies EIA standards RS-422 and RS423 
@ Built-in +35 mV hysteresis 

@ High input common mode voltage range 

m High input impedance 

m TTL compatible outputs 

m@ Schottky technology 

mw Extended temperature range 


Order Number DS9637ACJ, ».A9637ARC, 
DS9637AMJ, ,A9637ARM 
See NS Package Number JO8A* 


Order Number DS9637ACM, ».A9637ASC 
See NS Package Number M08A 


Order Number DS9637ACN, »A9637ATC 
See NS Package Number NO8E 


*For most current package information, contact product marketing. 





1-257 


vle96ew" /vze96Sa 





DS9637A/A9637A 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specifled devices are required, Voc Lead Potential to Ground © —0.5V to 7.0V 
please contact the National Semiconductor Sales Input Potential to Ground +415V 


Office/Distributors for availability and specifications. Differential Input Voltage +15V 


Storage Temperature Range ; = 
Ceramic DIP ~65°C to + 175°C Output Potential to Ground 0.5V to + 5.5V 


Molded DIP —65°C to + 150°C Output Sink Current 50mA 


Lead Temperature ‘ 
Ceramic DIP (Soldering, 30 seconds) 300°C Recommended Operating 


Molded DIP and SO Package Conditions 


(Soldering, 10 seconds) 265°C DS9637AM/:A9637AM Min 
Maximum Power Dissipation* at 25°C Supply Voltage (Vcc) 4.5 
Cavity Package 1300 mW Operating Temperature (Ta) —55 


Molded Package 930 mw DS9637AC/A9637AC 


SO Package 810 mW 
' ° sae Supply Voltage (Vcc) 4.75 
Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package Opera ting Temperature (Ta) 0 


7.5 mW/°C above 25°C; derate SO package 6.5 mW/°C above 25°C. 





Electrical Characteristics 


Over recommended ees temperature and supply ee ranges, unless otherwise specified (Notes 2 and 3) 


| ss Parameter 


Differential Input —7. [|_—_—_Sonone_ < Vom < +7.0V 
Threshold Voltage (Note 5) 
Differential Input —7.0V < Voy < +7.0V 
Threshold Voltage, Note 6) 


Input Current V,; = 10V,0V < Voc s +5.5V Tomar | a 
es Viz =toVoVsVocs+55v {| | -16 | -3.25 
Output VoltageLOW | lo, = 20 mA, Voc = Min see el 


Output Voltage HIGH lon = —1.0 mA, Voc = Min 


Output Short Circuit Vo = OV, Voc = Max 
Current (Note 4) 


Supply Current Voc = Max, Vit = 0.5V, 
Vi- = GND 


Input Hysteresis Vom = +7.0V (See Curves) = 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified Min/Max limits apply across the — 55°C to + 125°C temperature range for DS9637AM and across the 0°C to + 70°C range for 
the DS9637ASC. All typicals are given for Vog = 5V and Ta = 25°C. 


Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 

Note 5: Vojer (Differential Input Voltage) = (Vj+) — (Vi—). Vom (Common Mode Input Voltage) = V\+ or V-. 

Note 6: 5009 +1% in series with inputs. 

Note 7: The input not under test is tied to ground. 
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Switching Characteristics voc = 5.0v, Ta = 25°C 


Conditions a 


Propagation Delay Time See AC Test Circuit 
Low to High 
Propagation Delay Time See AC Test Circuit 
High to Low 


[er 


vZe96v"/VWZe96SG 


Q8 





GND 
TL/F/9621-2 
FIGURE 1. Equivalent Circuit 
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DS9637A/.A9637A 


Typical Input/Output Transfer Characteristics 


OUTPUT VOLTAGE = V 


INPUT VOLTAGE = mV 
TL/F/9621-3 


AC Test Circuit and Waveforms 


Notes: 


Vo 


DS9637A/ 


sie 


TL/F/9621-5 


Cy includes jig and probe capacitance. 
All diodes are FD700 or equivalent. 


FIGURE 2 
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QUTPUT VOLTAGE = V 


INPUT VOLTAGE = mV 


vi 
Amplitude: 1.0V 
Offset: 0.5V 
Pulse Width: 100 ns 
PRR: 5.0 MHz 
tr = t} < 5.0 ns 
FIGURE 2a 


TL/F/9621-4 


TL/F/9621~-6 





Typical Applications 


TWISTED PAIR 
OR 
FLAT CABLE 


0S9638/ DS9637A/ 
MASESE BASESTA 


DUAL RS=422 LINE DRIVER 


DS9637A/ 
HASESTA 


TL/F/9621-7 
FIGURE 3. RS-422 System Application (FIPS 1020) Differential Simplex Bus Transmission 
Notes: 
Rr 2 502 for RS-422 operation. 
Rr combined with input impedance of receivers must be greater than 90. 
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DS9638/,A9638 


ZA National 


Semiconductor 


DS9638/.A9638 


RS-422 Dual High Speed Differential Line Driver 


General Description 


The DS9638/yA9638 is a Schottky, TTL compatible, dual 
differential line driver designed specifically to meet the EIA 
Standard RS-422 specifications. It is designed to provide 
unipolar differential drive to twisted pair or parallel wire 
transmission lines. The inputs are TTL compatible. The out- 
puts are similar to totem pole TTL outputs, with active pull- 
up and pull-down. The device features a short circuit pro- 
tected active pull-up with low output impedance and is spec- 
ified to drive 5029. transmission lines at high speed. The mini- 
DIP provides high package density. 


Connection Diagram 


8-Lead DIP 





TL/F/9622-1 


Features 

m Single 5V supply 

@ Schottky technology 

m@ TTL and CMOS compatible inputs 

m Output short circuit protection 

m@ Input clamp diodes 

a Complementary outputs 

& Minimum output skew (<1.0 ns typical) 

50 mA output drive capability for 502 transmission lines 
Meets EIA RS-422 specifications 

Propagation delay of less than 10 ns 

“Glitchless” differential output 

Delay time stable with Vcc and temperature variations 
(<2.0 ns typical) (Figure 3) 

uo Extended temperature range 


Order Number DS9638MUJ, »A9638RM, 
DS9638CJ or pA9638RC 
See NS Package Number J08A* 


Order Number DS9638CN or pA9638TC 
See NS Package Number NO8E 


*For most current package information: contact product marketing. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 
Storage Temperature Range 
Ceramic DIP 
Molded DIP and SO-8 


Lead Temperature 


—65°C to + 175°C 
—65°C to + 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 
SO Package 
Voc Lead Potential to Ground —§V to 7V 
Input Voltage —0.5V to + 7V 
*Derate cavity package 8.7 mMW/°C above 25°C; derate molded DIP package 


1300 mW 
930 mW 
810 mW 


se96v7/se96Sa 


Ceramic DIP (Soldering, 60 sec.) 300°C 7.5 mW/°C above 25°C; derate SO package 6.5 mW°C above 25°C. 


Molded DIP (Soldering, 10 sec.) 265°C 


Recommended Operating Conditions 


| Min_| Typ | Max | min | Typ | Max | 
5.5 


Supply Voltage (Vcc) 
Output Current HIGH (oH) 
Output Current LOW (Io1) 
Operating Temperature (Ta) 


4.75 5.0 §.25 
—50 
40 50 
0 25 70 


Electrical Characteristics over recommended operating temperature and supply voltage ranges, unless other- 
wise specified (Notes 2 & 3) 


Symbol 
Vin | inputvotagenigH | to | 
Vit Input Voltage LOW poct+mo TT | 
pee CtoeiaGr, ee 

=1.0 
Output Voltage HIGH Voc = Min, 


ViH = ViH Min» loy = ~40 mA 


Vir = Vit Max 


Output Voltage LOW Voc = Min, Vin = Vin min 

Vit = Vit Max lo. = 40 mA 
Input Current at Maximum Voc = Max, Vi Max = 5.5V 
Input Voltage 


Voo = Max, Viv = 2.7V 
Neg = aL Oey. 
=50 
See Figure 1 
Vos, Vos 
Vos-Vos 


Output Leakage Current Ta = 25°C 
—0.25V < Vx < 5.5V 


Supply Current Voc = 5.5V, 
Allinput at OV, 
No Load 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics provide conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS9638M and across the 0°C to + 70°C range for 
the DS9638C. All typicals are given for Vcc = 5V and Ta = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 





< 


-1.2 


< 





< 


a 


ole © 
- | O oO oO 
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(Both Drivers) 


bh 
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pe 
ol 
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Switching Characteristics voc = 5.0v, Ta = 25°C. 


| Parameter |_——Conditions | Min | Typ _| 


Propagation Delay CL = 15 pF 
Ri = 1002, See Figure 2 


Fall Time, 90%-10% 
Rise Time, 10%-90% 


Skew Between Outputs 


A/A and B/B 


DS9638/,A9638 


TL/F/9622-2 


FIGURE 1. Equivalent Circuit 
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DC Test Circuit 


TL/F/9622-3 


FIGURE 2. Terminated Output Voltage and Output Balance 


Note: TL/F/9622-4 


The pulse generator has the following characteristics: 
PRR = 500 kHz, ty = 100 ns, 
tr < 5.0 ns, Zo = 500. 

Cy includes probe and jig capacitance. 


FIGURE 3. AC Test Circuit and Voltage Waveform 





PROPAGATION DELAY = ns 


0 
“75 -50-25 0 25 50 75 100 125 
TEMPERATURE = °C 


TL/F/9622-6 
FIGURE 4. Typical Delay Characteristics 
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PROPAGATION DELAY=ns 








SUPPLY VOLTAGE = V 


FIGURE 4a 


TL/F/9622-5 


TL/F/9622-7 
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DS9639A/A9639A 


ZA National 


Semiconductor 


DS9639A/,A9639A 


Dual Differential Line Receiver 


General Description 


The DS9639A/pA9639A is a Schottky dual differential line 
receiver which has been specifically designed to satisfy the 
requirements of EIA Standards RS-422, RS-423 and 
RS-232C. In addition, the DS9639A/yA9639A satisfies the 
requirements of MIL-STD 188-114 and is compatible with 
the International Standard CCITT recommendations. The 
DS9639A/,A9639A is suitable for use as a line receiver in 
digital data systems, using either single ended or differen- 
tial, unipolar or bipolar transmission. It requires a single 5.0V 
power supply and has Schottky TTL compatible outputs. 
The DS9639A/yA9639A has an operational input common 
mode range of +7.0V either differentially or to ground. 


Connection Diagram 





Features 

gm Dual channel 

@ Single 5.0V supply 

a Satisfies EIA Standards RS-422, RS-423 and RS-232C 
m@ Built-in +35 mV hysteresis 

@ High input common mode voltage range 

@ High input impedance 

m TTL compatible outputs 

m@ Schottky technology 


8-Lead DIP 


TL/F/9623-1 


Top View 


Order Number DS9639ACN/.A9639ATC 
See NS Package Number NO8E 
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Absolute Maximum Ratings (note 1) 


\f Milltary/Aerospace specifled devices are requlred, Output Sink Current 
please contact the National Semiconductor Sales Maximum Power Dissipation* at 25°C 
Office/Distributors for avallability and specifications. Molded Package 


Storage Temperature Range —65°C to + 175°C *Derate molded DIP package 7.5 mW/°C above 25°C. 


Operating Temperature Range 0°C to + 70°C 7 
Lead Temperature Recommended Operating 


Molded DIP (soldering, 10 sec.) 265°C Conditions 
Voc Lead Potential to Ground —0.5V to +7.0V Min Typ Max 
Input Potential to Ground Lead +25V Supply Voltage (Vcc) 4.75 50 5.25 
Differential Input Voltage +25V Operating Temperature (Ta) 0 25 70 
Output Differential to Ground Lead —0.5V to 5.5V 


Units 
V 
°C 


Electrical Characteristics over recommended operating temperature and supply voltage ranges, unless other- 


wise specified (Notes 2 & 3) 


Conditions (Note 1) ee te ts 
Differential Input —7.0V < Vom < +7.0V 402 
Threshold Voltage (Note 5) ; 
Differential Input —7.0V < Vom < +7.0V +0.4 
Threshold Voltage (Note 6) , 


| ewewentqwien emer ocesey |_| a8 

| Viz -tov,ov<Vocsssv | | -16 | -325 | 
i= 20 mA Voo = Min }_} 036 | os 
) Depedetanigh — ———_j ous siambices te | 28) a8 | 


Supply Current We = Max, V;+ = 0.5V, 
= GND 


Input Hysteresis oo = +7.0V (See Curves) es ae 


Switching Characteristics voc = 5.ov, Ty = 25°C 


Conditions a 


' Propagation Delay Time See AC Test Circuit 
Low to High 
Propagation Delay Time See AC Test Circuit 
; 75 
High to Low 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 


should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS9639A. All typicals are given for Vcg = 5V and Ta = 25°C. 
Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 


Specified. 

Note 4. Only one output at a time should be shorted. 

Note 5: Vpjer (Differential Input Voltage) = (Vi+) — - ). Vem (Common Mode Input Voltage) = Vj + or Vj-. 
Note 6: 500M +1% in series with inputs. 

Note 7: The input not under test is tied to ground. 
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DS9639A/,A9639A 


Equivalent Circuit 


Veo 
7 
eas ae 
Soa 2 ee, : 
R3 7 
Q10° 
R9 . 


al 


Qi7 
Les is 
Q13 @ Qi6 


Voc 
D3 


R26 


= GND 
: TL/F/9623~-2 
FIGURE 1. Equivalent Circuit 


Typical Input/Output Transfer Characteristics 








OUTPUT VOLTAGE ~ V 
OUTPUT VOLTAGE = V 











0 
-100 =-50 


INPUT VOLTAGE = mV INPUT VOLTAGE = mV 
TL/F/9623~-3 TL/F/9623-4 
FIGURE 2 FIGURE 2a 
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TL/F/9623-6 
Vv 
at Amplitude: 1.0V 
TL/F/9623-5 Offset: 0.5V 
Notes: , Pulse Width: 500 ns 
Cy, includes jig and probe capacitance. PRR: 1 MHz 
All diodes are FD700 or equivalent. tr = tp < 5.0 ns 
FIGURE 3. AC Test Circuit and Waveforms FIGURE 3a 


Typical Applications 


TWISTED PAIR 
OR 
FLAT CABLE 


DUAL RS=422 LINE DRIVER 





TL/F/9623-7 
Notes: 
R; 2 502 for RS-422 operation. 
Ry combined with input impedance of receivers must be greater than 900. 
FIGURE 4. RS-422 System Application (FIPS 1020) Differential Simplex Bus Transmission 
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DS96F172/DS96F 174 


ZA National 


Semiconductor 


DS96F172/DS96F 174 


RS-485/RS-422 Quad Differential Drivers 


General Description 


The DS96F172 and the DS96F174 are high speed quad 
differential line drivers designed to meet EIA Standard RS- 
485. The DS96F 172 and the DS96F174 offer improved per- 
formance due to the use of new, state-of-the-art L-FAST 
bipolar technology. The L-FAST technology allows for high- 
er speeds and lower currents by utilizing extremely short 
gate delay times. Thus, the DS96F172 and the DS96F174 
feature lower power, extended temperature range, improved 
RS-485 specifications. 

The DS96F172 and the DS96F174 have TRI-STATE® out- 
puts and are optimized for balanced multipoint data bus 
transmission at rates up to 15 Mbps. The drivers have wide 
positive and negative common mode range for multipoint 
applications in noisy environments. Positive and negative 
current-limiting is provided which protects the drivers from 
line fault conditions over a + 12V to —7.0V common mode 
range. A thermal shutdown feature is also provided. The 
DS96F172 features an active high and active low Enable, 
common to all four drivers. The DS96F174 features sepa- 
rate active high Enables for each driver pair. 


Connection Diagrams 


Compatible RS-485 receivers, transceivers, and repeaters 
are also offered to provide optimum bus performance. The 
respective device types are DS96F173, DS96F175 and 
DS36F95. 


Features 

@ Military temperature range available 

@ Meets EIA Standard RS-485 and RS-422A 
m™ Monotonic differential output switching 


.@ TRI-STATE outputs 


m@ Designed for multipoint bus transmission 

= Common mode output voltage range: —7.0V to +12V 

m@ Operates from single +5.0V supply 

m@ Low power 

m@ Thermal shutdown protection 

m DS96F172 and DS96F174 are lead and function com- 
patible with the SN75172/174 or the AM26LS31/ 
MC3487 


Dual-In-Line Package 


DS96F172 


TL/F/9625-1 
Top View 


DS96F174 


TL/F/9625-2 
Top View 


Order Number DS96F172CJ, DS96F172My, 
DS96F174CJ or DS96F174MJ 
See NS Package Number J16A 





1-270 


Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 

please contact the National Semiconductor Sales Min Typ Max Units 

Office/Distributors for availability and specifications. Supply Voltage (Vcc) 

Storage Temperature Range DS96F172C/DS96F174C 4. 5.0 5.25 Vv 
Ceramic DIP —65°C to + 175°C DS96F172M/DS96F174M 4. 5.0 5.50 

Lead Temperature Common Mode _ +120 V 
Ceramic DIP (Soldering, 60 sec.) 300°C Output Voltage (Voc) ; : 

Maximum Power Dissipation® at 25°C Output Current HIGH (Iox) -—60 mA 
Cavity Package 1500 mW Output Current LOW (Io1) 60 mA 

Supply Voltage 7.0V Operating Temperature (Ta) 

Enable Input Voltage 5.5V DS96F172C/DS96F174C 0 +25 +70 C 

*Derate cavity package 10 mW/°C above 25°C. DS96F172M/DS96F174M -55 +25 +125 


pZlLd96S0/2Z1496S0 


Electrical Characteristics Over recommended operating conditions, unless otherwise specified (Notes 2 & 3) 


ViH Input Voltage HIGH 


Input Voltage LOW ———EE = 0°Cto + 70°C 
Ta = —55°C to + 125°C 


Vou 
Vou 
IVoot 
l\Vopal_ | Differential Output Voltage 
Voo 
AlVop|_ | Change in Magnitude of Differential R_ = 549 or 1000, 
Output Voltage (Note 4) Figure 1 
Voo 
Mode Output Voltage (Note 4) 
lo 
loz 
rf rane? sf eee oe ee 
n iGreen = wee oe ce ee 
los Short Circuit Output Current [Vo=-70v.—ti(‘<‘;™*;*~*~*~*SSC*dC YH 280] 
Ree Womoy | 8] 
Mo=veg io | 
Ae en (| (A 12] 


Supply Current (All Drivers) = Load Outputs Enabled fe as ts = 2 = se) | S50 
= Outputs Disabled 


Units 


z 
oa 
4 
ons 
_s 
— 


-|n]= iw) 
ololum ° 


fh 
w 


+ | 
5 u 2 
fh a 


I+ 
fo) 
ih 


o 
o|: 





H- 
° 
DN) 


50 


H- 
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DS96F 172/DS96F 174 


Switching Characteristics voc = 5.0v, Ta = 25°C 


Symbol Parameter Conditions 


top Differential Output Delay Time Ri = 600, Figure 2 
tto Differential Output Transition Time 


tPLH Propagation Delay Time, Ri = 270, Figure 3 
Low-to-High Level Output 


teHe Propagation Delay Time, 
High-to-Low Level Output 


t2H Output Enable Time to High Level | RL =1100,Figued | | 25 | 32 | ns 
ta Fi= 1100, Fives | | 25. | 32 | ns 


| 20 | 5 | 
tiz7L Output Disable Time from Low Level Load per Figure 4 a 
- with Load Resistor to GND (Note 7) Timing per Figure 5 


tskew Driver Output to Output Ri = 600 ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS96F172M/DS96F 174M and across the 0°C to 
+ 70°C range for the DS96F172C/DS96F174C. All typicals are given for Voc = 5V and Ta = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. . ; : 

Note 4: A|Vop| and AlVoc! are the changes in magnitude of Vop and Voc respectively, that occur when the input is changed from a high level to a low level. 
Note 5: In EIA Standards RS-422A and RS-485, VOC, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 
Note 6: Only one output at a time should be shorted. 

Note 7: For more information see Applications Bulletin AB100. 


Parameter Measurement Information 


3750 
Vou = 
-7V to #12V 


ENABLED ENABLED 
(Note 3) (Note 3) 
TL/F/9625-3 — 
FIGURE 1. Differential and Common 
Mode Output Voltage 


TL/F/9625-13 
FIGURE 1a. Differential Output Voltage with 
Varying Common Mode Voltage 


GENERATOR 
(Note 1) 
CL =15 pF 


De (Note 2) 


‘ 
' 
t 
‘ 
' 
' 
a 


Rewwnweae = 
— ENABLED 
— (Note 3) 


TL/F/9625~-4 
TL/F/9625-5 


FIGURE 2. Differential Output Delay and Transition Times 
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Parameter Measurement Information (Continued) 
2.3V 


OUT 
GENERATOR C, = 15 pF 
(Note 1) (Note 2) 


—— ENABLED 
(Note 3) 


TL/F/9625-6 


TL/F/9625-7 
FIGURE 3. Propagation Delay Times 


C, =50 pF 
(Note 2) —L 
GENERATOR 


N 
(Note 1) Vorr20v 


TL/F/9625-9 


TL/F/9625-8 
FIGURE 4. tzy and tyz 


eww mmm mm eeny 


' RL= 1100 
OV or 3V ouT 


1 C, = 50 pF 
: (Note 2) —L 


GENERATOR 
(Note 1) TL/F/9625~11 


TL/F/9625-10 
FIGURE 5. tz~, tiz, tLz7 
Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, duty cycle = 50%, t, < 5.0 ns, 
ts 5.0 ns, Zo = 50N. 
Note 2: C,_ includes probe and jig capacitance. 
Note 3: DS96F172 with active high and active low Enables is shown here. DS96F174 has active high Enable only. 
Note 4: To test the active low Enable E of DS96F172 ground E and apply an inverted waveform to E. DS96F174 has active high Enable only. 
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DS96F 172/DS96F 174 


Typical Application 


1/4 DS96F172 


1/4 DS96F173 1/4 DSS6F173 
1/4 DS96F173 


UP TO 32 
DRIVER/RECEIVER 
PAIRS 


1/4 DS96F172 


Note: 


The line length should be terminated at both ends in its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 


FIGURE 6 


Function Tables (cach Driver) 
DS96F172 


H = High Level 
= Low Level 
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1/4 DS96F174 


1/4 DS96F175 


1/4 DS96F174 


TL/F/9625-12 


DS96F 174 


X = Immaterial 
Z = High Impedance (Off) 





ZA National 


Semiconductor 


DS96172/1A96172/DS96174/1.A96174 
RS-485/RS-422 Quad Differential Line Drivers 


General Description 


The DS96172/nA96172 and DS96174/,A96174 are high 
speed quad differential line drivers designed to meet EIA 
Standard RS-485, The devices have TRI-STATE® outputs 
and are optimized for balanced multipoint data bus trans- 
mission at rates up to 10 Mbps. The drivers have wide posi- 
tive and negative common mode range for multipoint appli- 
cations in noisy environments. Positive and negative cur- 
rent-limiting is provided which protects the drivers from line 
fault conditions over a +12V to —7.0V common mode 
range. A thermal shutdown feature is also provided and oc- 
curs at junction temperature of approximately 160°C. The 
DS96172/,A96172 features an active high and active low 
Enable, common to all four drivers. The DS96174/1A96174 
features separate active high Enables for each driver pair. 
Compatible RS-485 receivers, transceivers, and repeaters 
are also offered to provide optimum bus performance. The 
respective device types are DS96173/A96173, DS96175/ 
pA96175, DS96176/nA96176, DS96177/1A96177 and 
DS96178/:A96178. 


Connection Diagrams 


16-Lead DIP 
DS96172/1A96172 


TL/F/9626-1 
Top View 


Features 

m Meets EIA Standard RS-485 and RS-422A 

= Monotonic differential output switching 

m Transmission rate to 10 Mbs 

@ TRI-STATE outputs 

Designed for multipoint bus transmission 

= Common mode output voltage range: —7V to +12V 

m@ Operates from single + 5V supply 

@ Thermal shutdown protection 

@ DS96172/A96172/DS96174/pA96174 are lead and 
function compatible with the SN75172/75174 or the 
AM26LS31/MC3487 respectively 


16-Lead DIP 
DS96174/,,A96174 


TL/F/9626-2 
Top View 


Order Number DS96172J, 1A96172DC or DS96174J, »A96174DC 
See NS Package Number J16A 


Order Number DS96172N, »A96172PC or DS96174N, 1A96174PC 
See NS Package Number N16A 
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DS96172/,A96172/DS96174/A96174 


Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Min Typ 
Office/Distributors for availability and specifications. Supply Voltage (Voc) 4.75 5 
Storage Temperature Range 
Ceramic DIP —65°C to + 175°C 
Molded DIP —65°C to + 150°C 
Operating Temperature Range 0°C to + 70°C 
Output Current LOW (Io;) 
Lead Temperature ; 
Ceramic DIP (soldering, 60 sec.) | 300°C Operating Temperature (Ta) 
Molded DIP (soldering, 10 sec.) . 265°C 
Supply Voltage : 7V 
Enable Input Voltage 5.5V 
Maximum Power Dissipation* 25°C 
CavityPackage 1500 mw 
Molded Package 1040 mw 


*Derate cavity package 10 mW/°C above 25°C; derate molded DIP package 
8.3 mW/°C above 25°C, 


Common Mode Output 
Voltage (Voc) -—7 
Output Current HIGH (loH) 


Electrical Characteristics 
over recommended temperature and supply voltage ranges, unless otherwise specified (Notes 2 and 3) 


symbol | Parameter | Conaitions | Min | Typ | Max | Units 
ee eae Se (a 


Vi 

Vi__| tnputvotagecow | 

Vou | OutputVotageHiGH | ton = -20ma_ | tt | 

Vou 

Vic 

Nooil_| Differential OutputVotage | to oma | TT 

NVooa ee ES 
Rat ore 8 88 | 


AlVopl Change in Magnitude of Differential Ri = 549 or 1000, Figure 1 
Output Voltage (Note 4) 
Common Mode Output Voltage (Note 5) R_ = 540, Figure 7 
re Change i in Magnitude of Common Mode 
Output Voltage (Note 4) 
Output Current with Power Off Voc = OV, Vo = —7.0V to 12V + | +100 | 
High Impedance State Output Current Vo = —7.0V to 12V tS 


Input Current HIGH Vi = 2.7V Pf 
Input Current LOW Vv, = 0.5V 


Short Circuit Output Current Vo = —-7.0V 
(Note 6) 


ae (es eas 
Supply Current (All Drivers) No Load | OutputsEnabled | | 50 | 70 | 
| OutputDisabled | | 50 | 60 
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Vv 


V 
V 
V 
V 
V 
V 
V 
V 


< |< 





Switching Characteristics vcc = 5v,T, = 25°C 


[Parameter | Conditions 
Differential Output Delay Time RL = 602, Figure 2 
Differential Output Transition Time 


Propagation Delay Time, Ry. = 27Q, Figure 3 
Low-to-High Level Output 


Propagation Delay Time, 
High-to-Low Level Output 


RL = 1100, Figure 4 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS96172/A96172/DS96174/,A96174, All typicals are given for 
Voc = 5V and Ta = 28°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: A |Vop| and A|Voc] are the changes in magnitude of Vop and Voc respectively, that occur when the input is changed from a high level to a low level. 
Note 5: In EIA Standards RS-422A and RS-485, Voc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 
Note 6: Only one output at a time should be shorted. 


pZL96W7 /pZL96SG/ZZL96W"/ZZ196SC 


Parameter Measurement Information 


ENABLED 
(Note 3) 
TL/F/9626-4 
FIGURE 1. Differential and Common Mode Output Voltage 





GENERATOR 
(Note 1) 


Cc C, = 15 pF 
“TL Wate 2) 
——— ENABLED a 
= (Note 3) 
TL/F/9626-5 TL/F/9626-6 
FIGURE 2. Differential Output Delay and Transition Times 
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Parameter Measurement Information (Continued) 
2.3¥ 


GENERATOR 
(Note 1) 


== ENABLED 
™ (Note 3) 


TL/F/9626-7 


FIGURE 3. Propagation Delay Times 


DS96172/:A96172/DS96174/1.A96174 





Be Beas & lances 


1 C, =50 pF 
1 (Note 2) —t 


GENERATOR 


(Note 1) J S CP TTTT TT 
TL/F/9626-10 


TL/F/9626-9 
FIGURE 4. tpzy and tpyz 


OV or 3V 


e 
1 C, =50 pF 
' (Note 2) — 


GENERATOR out Vou 


(Note 1) J} SY epene-- eee 
- TL/F/9626-12 


3V 
(Note 4) 


TL/F/9626-11 
FIGURE 5. tpz; and tp,z 
Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, duty cycle = 50%, tp s 5.0 ns, tp < 5.0 ns, Zo = 502. 
Note 2: C, includes probe and jig capacitance. 
Note 3: DS96172/,A96172 with active high and active low Enables is shown here. DS96174/,A96174 has active high Enable only. 
Note 4: To test the active low Enable E of DS96172/A96172, ground E and apply an inverted waveform to E. DS96174/A96174 has active high Enable only. 
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Function Tables 
DS96172/1A96172 


= High Level 
= Low Level 


H 
L 


Typical Application 


1/40S96172/2A96172 


1/40S96173/. —- 1/4S96173/ 
1 /40S96173/2A96173 HAIE173 pA96173 


UP 10 32 
1/40S96172/4A96172 DRIVER/RECEIVER 
PAIRS 


FIGURE 6 


Note: The line length should be terminated at both ends in its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 
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DS96174/.A96174 


Immaterial 


X= 
Z = High Impedance (off) 


1/4DS96174/A96174 


1/4DS96175/A96175 


1/40S96174/4A96174 


TL/F/9626-13 
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- DS96F173/DS96F 175 


ZA National 


Semiconductor 
DS96F 173/DS96F 175 


RS-485/RS-422 Quad Differential Receivers 


General Description 


The DS96F173 and the DS96F175 are high speed quad 
differential line receivers designed to meet EIA Standard 
RS-485. The DS96F173 and the DS96F175 offer improved 
performance due to the use of state-of-the-art L-FAST bipo- 
lar technology. The L-FAST technology allows for higher 
speeds and lower currents by utilizing extremely short gate 
delay times. Thus, the DS96F173 and the DS96F175 fea- 
ture lower power and an extended temperature range. 


The DS96F173 and the DS96F175 have TRI-STATE® out- 
puts and are optimized for balanced multipoint data bus 
transmission at rates up to 15 Mbps. The receivers feature 
high input impedance, input hysteresis for increased noise 
immunity, and input sensitivity of 200 mV over a common 
mode input voltage range of —7V to +12V. The receivers 
are therefore suitable for multipoint applications in noisy en- 
vironments. The DS96F173 features an active high and ac- 
tive low Enable, common to all four receivers. The 
DS96F175 features separate active high Enables for each 
receiver pair. 


Connection Diagrams 


Compatible RS-485 drivers, transceivers, and repeaters are 
also offered to provide optimum bus performance. The re- 
spective device types are DS96F172, DS96F174 and 
DS36F95. 


Features bs 

@ Military temperature range available 

w@ Meets EIA Standard RS-485, RS-422A, RS-423A 

m@ Designed for multipoint bus applications 

@ TRI-STATE outputs 

m Common mode input voltage range: —7V to + 12V 

m Operates from single +5.0V supply 

tm Lower power version 

@ Input sensitivity of +200 mV over common mode range 

@ Input hysteresis of 50 mV typical 

@ High input impedance 

w DS96F173 and DS96F175 are lead and function com- 
patible with SN75173/175 or the AM26LS32/MC3486 


16-Lead Ceramic Dual-In-Line Package 


DS96F173 


TL/F/9627-1 
Top View 


DS96F 175 


TL/F/9627-2 
Top View 


Order Number DS96F173CJ, DS96F 173M, 
DS96F175CJ or DS96F175MJ 
See NS Package Number J16A 
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Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature Range Supply Voltage (V¢c) 
Ceramic DIP —65°C to + 175°C DS96F173C/DS96F175C 4.75 5.0 5.25 


Sead sramperaturs DS96F173M/DS96F175M 4.50 5.0 5.50 
Ceramic DIP (Soldering, 60 sec.) 300°C Common Mode 

Maximum Power Dissipation* at 25°C Input Voltage Vom 
Cavity Package 1500 mW Differential Input Voltage 

Supply Voltage 7.0V (Note 2) (Vip) 

Input Voltage, A or B Inputs +25V Output Current HIGH (IoH) —400 

Differential Input Voltage +25V Output Current LOW (Io1) 16 

Enable Input Voltage 7.0V Operating Temperature (Ta) 

Low Level Output Current 50 mA DS96F173C/DS96F175C 0 25 70 

*Derate cavity package 10 mW/°C above 25°C. DS96F173M/DS96F175M —55 25 4125 


Min Typ Max 


§Z1496S0/€Z1496S0 


—7 +12 


+12 


Electrical Characteristics over recommended operating conditions, unless otherwise specified (Notes 2, 3) 
Units 


Symbol Parameter 


VTH Differential-Input Vo = Vou 
High Threshold Voltage 


VTL Differential-Input (Note 4) 
Low Threshold Voltage 

Vr+ = Vr-_|_ Hysteresis (Note 5) 

Vin | EnableinputVotageHIGH | | 2 

Vit | EnableInputVotagecow | | 


Vic Enable Input Clamp Voltage | = —18mA a ae es 


VoH ° | Output Voltage HIGH Vip=200mv | octo+zoc | 28 | | | 
VoL Output Voltage LOW Vin= —200mV | In =8oma | | | 045 | 
jlon=16ma | | 80 





High-Impedance State Output Vo = 0.4V to 2.4V iene Sl ell 
Line Input Current (Note 6) Other Input = OV | V,; = 12V ee oe 
we-7zov | | 

14 


+20 


Enable Input Current HIGH 

Enable Input Current LOW | | 

Input Resistance | 14 | 18 | 

Short Circuit Output Current (Note 7) f -15 | | 

Supply Current No Load | OutputsEnabled | | | 
ae so 


| 
—" 
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DS96F 173/DS96F 175 


Switching Characteristics voc = 5.0v, Ta = 25°C 


Propagation Delay Time 
Low to High Level Output 


Vip = 


—2.5V to +2.5V, 


CL = 15 pF, Figure 7 


OL = 50 pF, Figure 3 


Propagation Delay Time, 
High to Low Level Output 


ItetH-tpHLl Pulse Width Distortion (SKEW) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range the DS96F173M/DS96F175M and across the 0°C to 
+70°C range for the DS96F173C/DS96F175C. All typicals are given for Vcg = 5V and Ta = 25°C. 


Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 


specified. 


Note 4: The algebraic convention, when the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 


and threshold voltage levels only. 


Note 5: Hysteresis is the difference between the positive-going input threshold voltage. V7 +, and the negative going input threshold voltage, V7_. 


Note 6: Refer to EIA Standards RS-485 for exact conditions. 
Note 7: Only one output at a time should be shorted. 


Function Tables | 
(Each Receiver) DS96F 173 


Differential Inputs | Enables | Outputs _| 


Vip < —0.2V 


H = High Level 
L = Low Level 
Z = High Impedance (off) 
X = Immaterial 
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(Each Receiver) DS96F175 


Differential Inputs Output 
A-B Y 


Vip 2 0.2 





Parameter Measurement Information 


GENERATOR ouT 


(Note 1) 
C, =15 pF 


T (Note 2) 


TL/F/8627-3 
FIGURE 1. tpiy, tpH (Note 3) 


Voc 


Cy 


alt (Note 2) Y 
(Note 4) 


GENERATOR 


(Note 1) (Note 5) 
502 


TL/F/9627-5 
FIGURE 2. tyz, tzy (Note 3) 


S2 OPEN 


C. 
T. (Note 2) 


GENERATOR 


(Note 1) (Note 5) 
500 


TL/F/9627-7 
FIGURE 3. tz, tz (Note 3) 


TL/F/9627-4 


TL/F/9627-6 


$2 CLOSED 
B14 


0.5V 


coma 3 Vou 


TL/F/9627-8 


Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, t, < 6.0 ns, t} < 6.0 ns, Zo = 500. 


Note 2: C,_ includes probe and stray capacitance. 
Note 3: DS96F173 with active high and active low Enables is shown here. DS96F175 has active high Enable only. 
Note 4: All diodes are 1N916 or equivalent. 


Note 5: To test the active low Enable E of DS96F173, ground E and apply an inverted input waveform to E. DS96F175 has active high enable only. 
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GZL496SG/€21496S0 





DS96F 173/DS96F 175 


Typical Application 


1/4 DS 96F172 1/4 DS 96F174 


1/4 DS 96F173 
1/4 DS 96F173 1/4 DS 96F 175 


1/4 DS 96F172 1/405 96F175 1/4 DS 96F174 


UP TO 32 
DRIVER/RECEIVER 
PAIRS 
TL/F/9627-9 
FIGURE 4 


Note: The line length should be terminated at both ends in its characteristic impedance. Stub lengths off the main line should be kept as short as possible. 
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ZA National 


Semiconductor 


DS96173/1A96173/DS96175/u.A96175 
RS-485/RS-422 Quad Differential Line Receivers 


General Description 


The DS96173/pA96173 and DS96175/,A96175 are high 
speed quad differential line receivers designed to meet EIA 
Standard RS-485. The devices have TRI-STATE® outputs 
and are optimized for balanced multipoint data bus trans- 
mission at rates up to 10 Mbps. The receivers feature high 
input impedance, input hysteresis for increased noise immu- 
nity, and input sensitivity of 200 mV over a common mode 
input voltage range of —7V to +12V. The receivers are 
therefore suitable for multipoint applications in noisy envi- 
ronments. The DS96173/),A96173 features an active high 
and active low Enable, common to all four receivers. The 
DS96175/A96175 features separate active high Enables 
for each receiver pair. Compatible RS-485 drivers, trans- 
ceivers, and repeaters are also offered to provide optimum 
bus performance. The respective device types are 
DS96172/pA96172, DS96174/nA96174, DS96176/ 
pA96176, DS96177/4A96177 and DS96178/p»A96178. 


Connection Diagrams 


16-Lead DIP 
DS96173/A96173 


TL/F/9628-1 


Features 

@ Meets EIA Standard RS-485, RS-422A, RS-423A 

Designed for multipoint bus applications 

mg TRI-STATE Outputs 

= Common mode input voltage range: —7V to +12V 

m Operates from single +5V supply 

@ Input sensitivity of +200 mV over common mode range 

m Input hysteresis of 50 mV typical 

@ High input impedance 

& DS96173/A96173/DS96175/,A96175 are lead and 
function compatible with SN75173/75175 or the 
AM26LS32/MC3486 respectively. 


16-Lead DIP 
DS96175/.A96175 


TL/F/9628-2 - 


Order Number DS96173J, 1»A96173DC, DS96175J, »A96175DC 
See NS Package Number J16A* 


Order Number DS96173N, .A96173PC, DS96175N, »A96175PC 
, See NS Package Number N16A 


*For most current package information, contact product marketing. 
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Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales = Min 


Office/Distributors for avallability and specifications. Ss Penaren 3 oe oe 
Storage Temperature Range upply Voltage (Vcc) 


Ceramic DIP —65°C to +175°C - Common Mode Input . —7 
Molded DIP —65°C to +150°C © Voltage (Vem) 
Lead Temperature Differential Input ©. _7 
Ceramic DIP (soldering, 60 sec.) 300°C Voltage (Vip) 
Molded DIP (soldering, 10 sec.) 265°C Output Current High (IoH) 
Maximum Power Dissipation* at 25°C Output Current LOW (lov) 


Cavity Package _ 1500 mw Operating Temperature (Ta) 
Molded Package 1040 mw 


Supply Voltage 7V 
Input Voltage, A or B Inputs +25V 
Differential Input Voltage £25V 
Enable Input Voltage ; 7V 


Low Level Output Current 50 mA 


*Derate cavity package 10 mW/°C above 25°C; derate molded DIP package 
8.3 mW/°C above 25°C, : 


DS96173/.A96173/DS96175/,A96175 





Electrical Characteristics over recommended temperature, common mode input voltage, and supply voltage 
ranges, unless otherwise specified (Notes 2 & 3) . 


Symbol__| Parameter. | Conditions. =| in’ | Typ | Max | Units 
VTH Differential Input Vo = 2.7V, lo = — 0.4mA © Vv 
High Threshold Voltage 
VIE Differential input (Note 4) Vo = 0.5V, Ilo = 16 mA ' (oy 
Low Threshold Voltage 
Vix = Vr~_|_ Hysteresis (Note 6) Pvow=ov Tf | 
Vin Enable inputVotageHIGH | | || 


Vic Enable Input Clamp Voltage ) = —18mA 
Vou Output Voltage HIGH Vip = 200 mV, low = —400 pA 2.7 


VoL Output Voltage LOW Vip = —200 mV 
lo. = 16mA 
‘High Impedance State Output | Vo = 0.4V to 2.4V 


Line Input Current (Note 6) Other Input = OV Vip= 12V . 
Enable Input Current HIGH Vin = 2.7V ; 


Enable Input Current LOW Vit = 0.4V 


Input Resistance 


Short Circuit Output Current | (Note7) — “15 mA 
Supply Current Outputs Disabled } mA 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified Min/Max limits apply across the 0°C to + 70°C range for the DS96173/.A96173/DS96175/A96175. All typicals are given for 
Voc = 5V and Ta = 25°C. 

Note 3: All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are reference to ground unless otherwise 
specified. 

Note 4: The algebraic convention, when the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voitage levels only. 

Note 5: Hysteresis is the difference between the positive-going input threshold voltage, V7 +, and the negative going input threshold voltage, Vr_. 

Note 6: Refer to EIA Standards RS-485 for exact conditions. 

Note 7: Only one output at a time should be shorted. 


H 
oO 


mA 


pA 
pA 


1 ko 


ai 


~“ 
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Switching Characteristics voc = 5V,T, = 25°C 


Conditions |_Min_ | Typ | Max 
Propagation Delay Time, Vip = —2.5V to 2.5V, 25 
Low to High Level Output Cy = 15 pF, Figure 7 
Propagation Delay Time, 

High to Low Level Output 

Output Enable Time to High Level C. = 15 pF, Figure 2 ae ee ee 

Output Enable Time to Low Level CL = 15 pF, Figure 3 a one 
| 4 | 90 


Fi 
Output Disable Time from High Level CL = 5pF, Figure 2 ae 
Output Disable Time from LowLevel | C.=5pF.Figues | | 24 | 40 | 


Function Tables 
(Each Receiver) DS96173/A96173 (Each Receiver) DS96175/A96175 


Differential Inputs | Enables | Outputs | Differential Inputs enable | Oma | 


Vip 2 02V 
Vio < =0.2V 


GZ196V" /SZL96SG/EZL96W"/EZ196SC 





High Level 
Low Level 
tmmateriat 
High Impedance (off) 
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DS96173/1A96173/DS96175/.A96175 


Parameter Measurement Information 


GENERATOR our 


(Note 1) 
C,=15 pF 
(Note 2) 


i 


TL/F/9628-3 
FIGURE 1. tpiy, tpHe (Note 3) 


Vog 


(Note 4) 
TL/F/9628-6 


GENERATOR 


(Note 1) (Note 5) 
500 


TL/F/9628-5 
FIGURE 2. tpyz, tpzy (Note 3) 


peeeeens 


$2 CLOSED 
s14V 


C, 
| (Note 2) F 0.5V 
= —F Vou 
TL/F/9628-8 


GENERATOR 
(Note 1) 


TL/F/9628-7 
FIGURE 3. tpz:, tpiz (Note 3) 
Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, t, < 6.0 ns, t} < 6.0 ns, Zo = 500. 
Note 2: C, includes probe and stray capacitance. 
Note 3: 0S96173/A96173 with active high and active low Enables is shown here. DS96175/1A96175 has active high Enable only. 
Note 4: All diodes are 1N916 or equivalent. 


Note 5: To test the active low Enable E of DS96173/yA96173, ground E and apply an inverted input waveform to E. DS96175/.A96175 has active high Enable 
only. 
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Typical Application 


1/4DS96172/4A96172 1/40S96174/,A96174 















1/40DS96173/A96173 


1/4DS96173/A96173 


1/4DS96173/4A96173 1/4DS96175/,4A96175 
UP TO 32 
DRIVER/RECEIVER 
1/40S96172/4A96172 PAIRS 1/4DS96174/4A96174 
; TL/F/9628-9 
FIGURE 4 


Note: The line tength should be terminated at both ends in its characteristic impedance. Stub tengths off the main line should be kept as short as possible. 
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DS96176/1A96176 


ZA National 


Semiconductor 


DS96176/A96176 


RS-485/RS-422 Differential Bus Transceiver 


General Description 


The DS96176/uA96176 Differential Bus Transceiver is a 
monolithic integrated circuit designed for bidirectional data 
communication on balanced multipoint bus transmission 
lines. The transceiver meets EIA Standard RS-485 as well 
as RS-422A, 

The DS96176/4A96176 combines a TRI-STATE® differen- 
tial line driver and a differential input line receiver, both of 
which operate from a single 5.0V power supply. The driver 
and receiver have an active Enable that can be externally 
connected to function as a direction control. The driver dif- 
ferential outputs and the receiver differential inputs are in- 
ternally connected to form differential input/output (I/O) bus 
ports that are designed to offer minimum loading to the bus 
whenever the driver is disabled or when Voc = OV. These 
ports feature wide positive and negative common mode 
voltage ranges, making the device suitable for multipoint ap- 
plications in noisy environments. 

The driver is designed to handle loads up to 60 mA of sink 
or source current. The driver features positive and negative 
current-limiting and thermal shutdown for protection from 
line fault conditions. Thermal shutdown is designed to occur 
at junction temperature of approximately 160°C. The receiv- 
er features a typical input impedance of 15 kQ, an input 
sensitivity of +200 mV, and a typical input hysteresis of 
50 mV. 


Connection Diagram 
8-Lead DIP 


Voc 


BY IN/OUT 
A{ BUS PORT 


GND 


TL/F/9630-1 
Top View 


Order Number DS96176J, 1» A96176RC 
See NS Package Number J08A* 


Order Number DS96176N, ,A96176TC 
See NS Package Number NO8E 


*For most current package information, contact product marketing. 


The DS96176/,A96176 can be used in transmission line 
applications employing the DS96172/nA96172 and the 
DS96174/,A96174 quad differential line drivers and the 
DS96173/nA96173 and DS96175/2A96175 quad differen- 
tial line receivers. 


Features 

m Bidirectional transceiver 

m™ Meets EIA Standard RS-422A and RS-485 

@ Designed for multipoint transmission 

m TRI-STATE driver and receiver enables 

@ Individual driver and receiver enables 

m Wide positive and negative input/output bus voltage 
ranges 

m Driver output capability +60 mA Maximum 

m@ Therma! shutdown protection 

a Driver positive and Negative current-limiting 

m High impedance receiver input 

m Receiver input sensitivity of +200 mV 

@ Receiver input hysteresis of 50 mV typical 

m Operates from single 5.0V supply 

m@ Low power requirements 


Function Table 


Driver 


High Level 
Low Level 
Immaterial 

= High Impedance (off) 
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Absolute Maximum Ratings (note 1) Recommended Operating 


if Milltary/Aerospace specified devices are required, Conditions 
please contact the Natlonal Semiconductor Sales Min T 
yp Max Units 
Office/Distributors for availability and specifications. Supply Voltage (Vcc) 4.75 5.0 5.25 
Storage Temperature Range 
Ceramic DIP —65°C to + 175°C 
Molded DIP —65°C to + 150°C iv a Jel Y 
Lead Temperature ifferential Input Voltage (Vip) 
Ceramic DIP (soldering, 60 sec.) 300°C Output Current HIGH (lon) 
Molded DIP (soldering, 10 sec.) 265°C mee 
Maximum Power Dissipation* at 25°C ereliee 
Molded Package 930 mW ah 
Supply Voltage 7.0V O oe ‘ T 
Differential Input Voltage +15V/—10V perating Temperature (Tay: 


Enable Input Voltage 5.5V 


*Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package 
7.5 mW/°C above 25°C. 


Voltage at Any Bus Terminal 
(Separately or Common Mode) -—7.0 


9/196~"/92196SG 


Electrical Characteristics 
Over recommended temperature, common mode input voltage, and supply voltage ranges, unless otherwise specified (Notes 2 
and 3) 


DRIVER SECTION 


Vic__| InputClampVoltage | = ~t8mA | = 18 | 
Vooil | Ditfereniat OuiputVotage «| = oma SSSS~dSC*‘RSC*‘d(;#C“CNSO 
lVopel Differential Output Voltage | RL =1000,Figwet = | 2 | ee] 

| RL = 540, Figuetand2 | 45 | 20 | | 


AlVopz2|_ | Change in Magnitude of R_ = 540 
Differential Output Voltage (Note 4) Vom = OV Figure 1 and 2 +0.2 





Ri = 1002 Figure 7 


= mmr 
Common Mode Output Voltage (Note 4) 
iki)” | MOM a 


| inputCurentHiGH | = 2av | 
| inputCurenttow | Moy T= 100 | 


Short Circuit Output Current 
(Note 9) 
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Electrical Characteristics (Continued) 


Over recommended temperature, common mode input voltage, and supply voltage ranges, unless otherwise specified 


RECEIVER SECTION 


Symbol 
VTH Differential Input High Vo = 2.7V, lo = —0.4mA 
Threshold Voltage 
VTL Differential Input Low Vo = 0.5V, Io = 8.0 MA 
Threshold Voltage (Note 6) 


Vr+ —V7— | Hysteresis (Note 7) Vom = OV 
Vii Enable inputVoltageHIGH | 
| ed 


| Typ | max | Units 


SK 
CT 
Ls {| | 


ad 
Ny 


DS96176/.A96176 





VIL Enable Input Voltage LOW 
Vic Enable Input Clamp Voltage 


VoH Output Voltage HIGH Vip = 200 mV, Ion = —400 pA, 
Figure 3 

VoL Output Voltage LOW Vip = —200 mV, lo. = 8,0mA 
Figure 3 lo. = 16mA 


High impedance State Output Vo = 0.45V to 2.4V 


Line Input Current (Note 8) Other Input = OV V, = 12V 
, V| = —7.0V 


Short Circuit Output Current (Notes) = a sti(iti‘;~*é~*WSCm ss 


Supply Current (Total Package) | No Load Outputs Enabled 40 
: . Outputs Disabled 


Driver Switching Characteristics voc = 5v, T, = 25°C 


Parameter Conditions 


Differential Output Delay Time Ri = 600, Figure 4 
Differential Output Transition Time Ri. = 600, Figure 4 hee 


Propagation Delay Time, RL = 270, FigureS 

Low-to-High Level Output 

Propagation Delay Time, RL = 270, Figure 5 12 
High-to-Low Level Output 


Output Enable Time to High Level R_ = 1100, Figure 6 


hm 
oO 


t a fH o J 
< ye) : =- 
s 2:10 a in 


1 


Ls) 


| 
— 
o 


Output Enable Time to Low Level RL = 1109, Figure 7 | | os || 
Output Disable Time from High Level R_ = 1100, Figure 6 | Topo fos 
Output Disable Time from Low Level ‘Re = 1100, Figure 7 || ag [os 
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Receiver Switching Characteristics voc = 5.ov, Ta = 25°C 


Propagation Delay Time, Vip = OV to 3.0V 
Low-to-High Level Output CL = 15 pF, Figure 8 


High-to-Low Level Output 
O, = 15 pF, Figure 9 
CL = 5.0pF, Figure 9 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual! operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS96176/1.A96176. All typicals are given for Voc = 5V and 
Ta = 25°C. 

Note 3; All currents into the device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: A|Vop| and A|Vocl are the changes in magnitude of Vop and Voc, respectively, that occur when the input is changed from a high level to a low level. 
’ Note 5: In EIA Standards RS-422A and RS-485, Voc, which is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 


Note 6: The algebraic convention, where the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voltage levels only. 


Note 7: Hysteresis is the difference between the positive-going input threshold voltage V7 +, and the negative-going input threshold voltage, Vr_. 
Note 8: Refer to EIA Standard RS-485 for exact conditions. 
Note 9: Only one output at a time should be shorted. 





Parameter Measurement Information 


Vom = 
=7V to #12V 


ENABLED 
(Note 3) ENABLED 
TL/F/9630-2 (Note 3) 


FIGURE 1. Driver Vop and Voc TL/F/9630-3 


FIGURE 2. Driver Vop with Varying 
Common Mode Voltage 


TL/F/9630-4 


FIGURE 3. Receiver Voy and Vo. 
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9/1967 /9Z196Sd 





DS96176/,A96176 


Parameter Measurement Information (continued) 


GENERATOR 
(Note 1) 





(Note 2) 


TL/F/9630-5 


GENERATOR 
(Note 1) 


TL/F/9630-7 


C, =50 pF 
(Note 2) —_b 


GENERATOR 
(Note 1) 


TL/F/9630-10 
TL/F/9630-9 


FIGURE 6. Driver Enable and Disable Times (tpzy, tpHz) 


RL = 1100 
OUT 


C, =50 pF 
(Note 2) —_te . 
_ : 0.5V 


GENERATOR : — —F Voi 


(Note 1) 
TL/F/9630-12 


TL/F/9630~11 
FIGURE 7. Driver Enable and Disable Times (tpz_, tpiz) 


1-294 


Parameter Measurement Information (Continued) 


GENERATOR 
(Note 1) 


TL/F/9630-14 
TL/F/9630-13 
FIGURE 8. Receiver Propagation Delay Times 


CL 


T (Note 2) 


GENERATOR 
(Note 1) 


TL/F/9630-15 


3V st to 1.5V 3V st to -1.5V 


S2 OPEN $2 CLOSED 
ov $3 CLOSED oy $3 OPEN 


Vor 
TL/F/9630-16 TL/F/9630-17 


3V st to 1.5V 3V st to =1.5V 
IN 1.5V $2 CLOSED ; 52 CLOSED 
oy $3 CLOSED oy $3 CLOSED 
tpyz 
0.5V You 
OUT : 
21,3V Vou 


TL/F/9630-18 TL/F/9630-19 
FIGURE 9. Receiver Enable and Disable Times 
Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, 50% duty cycle, t; < 6.0 ns, Zo = 500. 
Note 2: C, Includes probe and stray capacitance. 
Note 3; DS96176/,1A96176 Driver enable is Active-High. 
Note 4: All diodes are 1N916 or equivalent. 
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9/L96W"/9ZL96Sd 





DS96176/.A96176 


Typical Application 


DS96176/4A96176 


UP TO 32 
TRANSCEIVERS 


0S96176/4A96176 0S96176/14A96176 


FIGURE 10 
Note: 


The line length should be terminated at both ends of its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 
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DS96176/j:A96176 


TL/F/9630-20 





GA National 


Semiconductor 


DS96177/1A96177 


RS-485/RS-422 Differential Bus Repeater 


General Description 


The DS96177/,A96177 Differential Bus Repeater is a 
monolithic integrated device designed for one-way data 
communication on multipoint bus transmission lines. This 
device is designed for balanced transmission bus line appli- 
cations and meets EIA Standard RS-485 and RS-422A. The 
device is designed to improve the performance of the data 
communication over long bus lines. The DS96177/ 
»A96177 is an active high Enable. 


The DS96177/A96177 features positive and negative cur- 
rent limiting and TRI-STATE® outputs for the receiver and 
driver. The receiver features high input impedance, input 
hysteresis for increased noise immunity, and input sensitivi- 
ty of 200 mV over a common mode input voltage range of 
—12V to +12V. The driver features thermal shutdown for 
protection from line fault conditions. Thermal shutdown is 
designed to occur at a junction temperature of approximate- 
ly 160°C. The driver is designed to drive current loads up to 
60 mA maximum. 

The DS96177/1A96177 is designed for optimum perform- 
ance when used on transmission buses employing the 
DS96172/A96172 and DS96174/1A96174 differential line 
drivers, DS96173/4A96173 and DS96175/,A96175 differ- 
ential line receivers, or DS96176/4A96176 differential bus 
transceivers. 


Connection Diagram 
8-Lead Dual-In-Line Package 


TL/F/9644-1 
Top View 


Order Number DS96177J, »A96177RC 
See NS Package Number J08A* 
Order Number DS96177N, ».A96177TC 
See NS Package Number NO8E 


*For most current package information, contact product marketing. 


Features 

@ Meets EIA Standard RS-422A and RS-485 

m@ Designed for multipoint transmission on long bus lines 
in noisy environments 

= TRI-STATE outputs 

m Bus voltage range —7.0V to +12V 

m Positive and negative current limiting 

m@ Driver output capability +60 mA max 

g Driver thermal shutdown protection 

m Receiver input high impedance 

m Receiver input sensitivity of +200 mV 

@ Receiver input hysteresis of 50 mV typical 

m Operates from single 5.0V supply 

m@ Low power requirements 


Function Table 


| Differentialinputs | Enable | Outputs | 
aS ee ee 
| vozozv | oH | aH] a | et | 
| vos-oa | oH [ele la | 

SS EAraes 


= High Level 
Low Level 


H 
L 
X = Immaterial 
Z = High Impedance (off) 
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LL196W"/2Z196Sd 





DS96177/A96177 





Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Min Typ 
Office/Distributors for availability and specifications. Supply Voltage (Vcc) 475 50 


Storage Temperature Range Volta : 
; ge at any Bus Terminal 
Ceramic DIP —65°C to +176°C ere 
Molded DIP —65°C to + 150°C oe ro 
I CM 
Lead Temperature : : 

Ceramic DIP (Soldering, 60 sec.) 300°C aie inpubvoltege 
Molded DIP (Soldering, 10 sec.) 265°C = : ae ee 
Maximum Power Dissipation* at 25°C eee tte (low) 

Cavity Package 1300 mW yet 


Molded Package 930 mW Receiver 
Supply Voltage 7.0V Output Current LOW (Io1) 


Driver 
Input Voltage . 5.5V Bscsive 
*Derate cavity package 8.7 mW/°C above 25°C; derate molded DIP package ae 


7.5 mW/°C above 25°C, Operating Temperature (Ta) 0 25 


Electrical Characteristics over recommended temperature, common mode input voltage, and supply voltage 
ranges, unless otherwise specified (Notes 2 and 3) 


DRIVER SECTION 


Symbol] Parameter | Conditions =| Min | Typ | Max | Units 
Vin _[inputVoltageHIGH =| 
Vi__|inputVoltageLow | 
Vic __[inputClampvoltage = = t8mA = 8 
Vonsl_[ Differential Output Voltage flo = mA 


lVopz2| | Differential Output Voltage R, = 1009, Figure 7 
R, = 540, Figure 7 and 2 : 


A|Vopal | Change in Magnitude of Differential R_ = 1009, Figure 7 
Outpub vonage (Note’) Ry = 540 Figure 7 and 2 | Vom = 0V 
Voc Common Mode Output Voltage (Note 5) | Ry = 5429 or 1000 


AlVoc| | Change in Magnitude of Common Mode | gure 7 
Output Voltage (Note 4) 


lo___| Output Current with PowerOff_ [Voc = 0V,Vo= -70Vto+1av | | #100 
loz__| High Impedance State Output Current_ [Vo = -7.0Vto+12v | #50 | #200 | 
im | Input CurentHIiGH [Mery 
nM Vi = 0.5V 


los Short Circuit Output Current Vo = —7.0V 


Vo = Voc 
Vo = 12V 


in ee eeAy 
icc | Supply Current No Load [OutputsEnabled | | | 95 
[Outputs Disabled | | | 40 | 


RECEIVER SECTION 


Conditions | min | typ | Max _| 
Differential Input Vo = 2.7V, lo = —0.4mA 
High Threshold Voltage 
Differential Input Low Vo = 0.5V, Io = 8.0mA 
Threshold Voltage (Note 6) 


| Enable InputVotageHIGH [| 
| Enable inputVoltageLow | | | | 
| Enable InputClamp Voltage | i= —tema | | | 885 
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Electrical Characteristics (Continued) 


Over recommended temperature, common mode input voltage, and supply voltage ranges, unless otherwise specified 


RECEIVER SECTION (Continued) 


Conditions 


High Level Output Voltage Vip = 200 mV, lox = —400 pA, Figure 2.7 
3 
Low Level Output Voltage Vip = —200 mV, lo. = 8.0 mA 
Figure 3 lo, = 16 mA 
High-Ilmpedance State Output 
Line Input Current (Note 8) Other Input = OV V, = 12V 
V) = —7.0V 


L1196W"/22196SG 


Conditions 
Differential Output Delay Time R_ = 600, Figure 4 ° 


Differential Output Transition Time RL = 600, Figure 4 


Propagation Delay Time, Ri = 270, Figure 5 
Low-to-High Level Output 


Propagation Delay Time, Ri = 2709, Figure § 
High-to-Low Level Output 


Output Enable Time to Low Level Ry = 1100, Figure 7 
R 


Output Disable Time from High Level L = 1100, Figure 6 





Propagation Delay Time, Vip = OV to 3.0V, 
Low-to-High Level Output CL = 15 pF, Figure 8 


Propagation Delay Time, 
High-to-Low Level Output 


O. = 18F, Figure 9 
| 
= s0pr.Figweo | | 14 | 90 
a 
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DS96177/.A96177 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified Min/Max limits apply across the 0°C to +70°C range for the DS96177/:A96177. All typicals are given for Voc = 
Ta = 286°C, 

Note 3: All currents into the gevice pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: A|Vop| and AlVocl are the changes in magnitude of Vop, Voc respectively, that occur when the input is changed from a high level to a low level. 
Note 5: In EIA Standards RS-422A and RS-485, Voc, which Is the average of the two output voltages with respect to ground, is called output offset voltage, Vos. 


Note 6: The algebraic convention, when the less positive (more negative) limit is designated minimum, is used in this data sheet for common mode input voltage 
and threshold voltage levels only. 


Note 7: Hysteresis is the difference between the positive-going input threshold voltage, V74, and the negative going input threshold voltage, Vr_. 
Note 8: Refer to EIA Standards RS-485 for exact conditions. 
Note 9: Only one output at a time should be shorted. 


5V and 


Parameter Measurement Information 


3750 






Vou = 
=7V to #12V 





So 
fo) 


ENABLED ENABLED 


TT a 


(Note 3) 
, TL/F/9644-2 
FIGURE 1. Driver Vop2 and Voc 


(Note 3) — 


TL/F/9644-4 
FIGURE 2. Driver Vop2 with Varying 


Common Mode Voltage 


Vip 





ov 


Ts 


TL/F/9644-3 


FIGURE 3. Recelver Voy and Vo. 





GENERATOR 
(Note 1) 











C,=15 pF 


il ana 
OUT 


ENABLED 
= _ (Note 3) 


(Note 2) 


TL/F/9644-5 





TL/F/9644~6 


2.3V 
Rt = 270 






OUT 


GENERATOR 


(Note 1) 


(Note 2) 
ENABLED = 
=. (Note 3) - 


TL/F/9644-7 





TL/F/9644-8 
FIGURE 5. Drive Propagation Times 
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Parameter Measurement Information (continued) 


OUT 
¢, =50 pF R= 1100 
(Note 2) —L 


GENERATOR (Note 3) 


(Note 1) 


TL/F/9644~9 
FIGURE 6. Driver Enable and Disable Times (tpzq, tpyz) 


C, = 50 pF 
(Note 2) — 


0.5V 
GENERATOR (Note 3) 


(Note 1) | a) Vou 


TL/F/9644-12 


TL/F/9644~11 
FIGURE 7. Driver Enable and Disable Times (tpz,, tpLz) 


GENERATOR 
(Note 1) 


ees TL/F/9644-14 


TL/F/9644-13 
FIGURE 8. Receiver Propagation Delay Times 
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DS96177/,A96177 


Parameter Measurement Information (Continued) 


1.5V 


C. : 
es i (Note 2) 


GENERATOR (Note 3) 


(Note 1) 


3V st to 1.5V 
1.5V $2 OPEN 
$3 CLOSED 


Vou 
1.5V 
OV 
TL/F/9644-16 


st to 1.5V 
$2 CLOSED 
$3 CLOSED 


Vou 


—— 31.3 
TL/F/9644-18 


FIGURE 9. Receiver Enable and Disable Times 





TL/F/9644-15 


3V st to =1.5V 
$2 CLOSED 
S3 OPEN 


= 4,5V 


Vor 
TL/E/9644-17 


3V st to =1.5V 
$2 CLOSED 
$3 CLOSED 


Voi 
TL/F/9644-19 


Note 1: The input pulse is supplied by a generator having the following characteristics: PRR = 1.0 MHz, duty cycle ~ 50%, t, < 6.0 ns, t; < 6.0 ns, Zo = 50. 


Note 2: C, includes probe and stray capacitance. 
Note 3: DS96177/:A96177 Enable is active high. 
Note 4: All diodes are 1N916 or equivalent. 
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Typical Application 


DS96177/2A96177 


DS96176/:A96176 DS96176/4A96176 


LL196W"/ZZ196Sd 


TL/F/9644-20 
Notes: 
The line length should be terminated at both ends in its characteristic impedance. 
Stub lengths off the main line should be kept as short as possible. 


FIGURE 10 
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MM78C29/MM88C29/MM78C30/MM88C30 


ZA Nationat 


Semiconductor 


MM78C29/MM88C29 Quad Single-Ended Line Driver 
MM78C30/MM88C30 Dual Differential Line Driver 


General Description 

The MM78C30/MM88C30 is a dual differential line driver 
that also performs the dual four-input NAND or dual four-in- 
put AND function. The absence of a clamp diode to Vcc in 
the input protection circuitry of the MM78C30/MM88C30 al- 
lows a CMOS user to interface systems operating at differ- 
ent voltage levels. Thus, a CMOS digital signal source can 
operate at a Vcc voltage greater than the Vcc voltage of 
the MM78C30 line driver. The differential output of the 
MM78C30/MM88C30 eliminates ground-loop errors. 


Logic Diagrams 


The MM78C29/MM88C29 is a non-inverting single-wire 
transmission line driver. Since the output ON resistance is a 
low 200 typ., the device can be used to drive lamps, relays, 
solenoids, and clock lines, besides driving data lines. 


Features 

@ Wide supply voltage range 
B High noise immunity 

m Low output ON resistance 


3V to 15V 


0.45 Vcc (typ.) 
202 (typ.) 


1/4 MM78C29/MM88C29 


Veg 


OUTPUT 


TL/F/5908—1 


1/2 MM78C30/MM88C30 


INPUT 1 
INPUT 2 


INPUT 3 
INPUT 4 


Voc 


AND 
OUTPUT 


TL/F/5908-2 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Operating Vcc Range 3V to 15V 
please contact the National Semiconductor Sales Absolute Maximum Vcc 18V 
Office/Distributors for availability and specifications. Average Current at Output 


Voltage at Any Pin (Note 1) —0.3V to Voc + 16V MM78C30/MM88C30 50 mA 

Operating Temperature Range MM78C29/MM88C29 25mA 
MM78C29/MM78C30 —55°C to + 125°C Maximum Junction Temperature, T; 150°C 
MM88C29/MM88C30 —40°C to +85°C Lead Temperature 


Storage Temperature —65°C to + 150°C (Soldering, 10 seconds) 260°C 


Power Dissipation (Pp) 
Dual-In-Line 700 mW 
Small Outline 500 mW 


DC Electrical Characteristics min/max limits apply across temperature range unless otherwise noted 


Symbol | Parameter | Conditions| Min_ | typ | Max | Units 


CMOS TO CMOS 


Logical ‘1” Input Voltage Voc = 5V 3.5 
Voc = 10V 8 

Logical ‘‘0” Input Voltage Voc = 5V 1.5 
Voc = 10V 2 


Logical ‘‘1” Input Current Voc = 15V, Vin = 15V ee ee ee 
Logical ‘‘O” Input Current Voc = 15V, Vin = OV -1 
Supply Current Voc = 5V 


OUTPUT DRIVE 


ISOURCE Output Source Current 
MM78C29/MM78C30 


OfD88WIN/Of€D8ZWW/6C088WIN/6208ZINN 


Voc 2 4.5V, Tj = 25°C 
Tj = 125°C 


MM88C29/MM88C30 Vout = Vcc — 1.6V, 
Voc 2 4.75V, Tj = 25°C 
Tj = 85°C 


~—32 
MM78C29/MM88C29 Vout = Vcc — 0.8V _9 
MM78C30/MM88C30 Voc = 4.5V 
Output Sink Current 
MM78C29/MM78C30 Vout = 0.4V, Voc = 4.5V, 
11 
8 





Tj = 25°C 

Tj = 125°C 

VouT = 0.4V, Voc = 10V, 

Tj = 25°C 22 
Tj = 125°C 16 


MM88C29/MM88C30 Vout = 0.4V, Voc = 4.75V, 
Tj = 25°C 9.5 
Tj = 85°C 
Vout = 0.4V, Voc = 10V, 
Tj = 25°C 19 
Tj = 125°C 


8 
ISOURCE Output Source Resistance . 
: MM78C29/MM78C30 Vout = Vcc — 1.6V, 
Voc 2 4.5V, Tj = 25°C 
Tj = 126°C 


MM88C29/MM88C30 Vout = Vcc — 1.6V, 
Voc 2 4.75V, Tj = 25°C 


Tj = 85°C 
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MM78C29/MM88C29/MM78C30/MM88C30 


DC Electrical Characteristics 


Min/Max limits apply across temperature range, unless otherwise noted (Continued) 


Symbol Conditions | Min | typ | Max | units 


OUTPUT DRIVE (Continued) 


Output Sink Resistance 
MM78C29/MM78C30 Vout = 0.4V, Voc = 4.50V, 
Tj = 26°C 
Tj = 125°C 
Vout = 0.4V, Voc = 10V, 
Tj = 25°C 
Tj = 126°C 


MM88C29/MM88C30 Vour = 0.4V, Voc = 4.75V, 
Tj = 25°C 
T; = 85°C 


Vout = 0.4V, Voc = 10V, 
Tj = 25°C 
Tj = 85°C 


Output Resistance 

Temperature Coefficient 
Source 
Sink 

Thermal Resistance 
MM78C29/MM78C30 
(D-Package) 


| Parameter | Conditions| min | Typ | Max_| 


Propagation Delay Time to 
Logical ‘‘1” or “0” (See Figure 2) 
MM78C29/MM88C29 Voc = 5V 
Vcc = 10V 


Differential Propagation Delay Ry = 1009, CL = 5000 pF 
Time to Logical ‘1” or “0” (See Figure 7) 
MM78C30/MM88C30 Voc = 5V 
Voc = 10V 


Input Capacitance 
MM78C29/MM88C29 (Note 3) 
MM78C30/MM88C30 (Note 3) 


Power Dissipation Capacitance 
MM78C29/MM88C29 (Note 3) 
MM78C30/MM88C30 (Note 3) 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90 (CMOS Logic Databook). , . 
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Connection Diagrams 
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Top View TL/F/5908-4 


Order Number MM78C29 or MM88C29 - 


Top View 
Order Number MM78C30J or MM88C30J 


Typical Performance Characteristics 


MM78C29/MM88C29 MM78C29/MM88C29 MM78C30/MM88C30 
Typical Propagation Delay vs Typical Propagation Delay vs Typical Propagation Delay vs 
Load Capacitance scone Capacitance Load Capacitance 
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MM78C29/MM88C29/MM78C30/MM88C30 


AC Test Circuits 


INPUTS 


INPUTS 


Voc 
() 


Va 
O AND OUTPUT 


100 
12 MM78C30 


50000 pF 


Vp 
© NAND OUTPUT 


TL/F/5908-6 
FIGURE 1 


12 MM78C30 


TL/F/5908-8 
FIGURE 2 


Digital Data Transmission 


Ct 
0.01 pF 
(NOTE 1) 


LINE DRIVER AND RECEIVER (NOTE 3) 


AND 
OUTPUT 


TWISTED PAIR LINE 


1/2 MM78C30/ 
MM88C30 


4 
OUTPUT 100 pF 
; (NOTE 2) 


STROBE 


Note 1: Exact value depends on line length. 
Note 2: Optional to control response time. 


Note 3: Vcc = 4.5V to 5.5V for the DS7820, Voc = 4.5V to 15V for the 
DS78C20. 


1-308 


TL/F/5908-7 


TL/F/5908-9 


C2 


TL/F/5908-10 





Typical Applications (continued) 


Veo 


AND 
OUTPUT 
© 


TWISTED PAIR LINE 


1/2 MM78C30/ 
MM88C30 > CO 


NAND 
OUTPUT 


TL/F/5908~11 


SINGLE=WAVE TRANSMISSION LINE (NOTE 1) 


1/6 MN78C30/ OUTPUT 
O 


MM88C30 OO OUTPUT 


1/6 MM74C914 
OR 1/6 MM74C14 


TL/F/5908-12 
Note 1: Vocis 3V to 15V 


Typical Data Rate vs Transmission Line Length 


104 














TYPICAL DATA RATE (kHz) 





LENGTH OF TRANSMISSION LINE (FT) 
TL/F/5908-13 


Note 1: The transmission line used was #22 gauge unshielded twisted pair (40k 
termination). 


Note 2: The curves generated assume that both drivers are driving equal lines, 
and that the maximum power is 500 mW/package. 
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Integrated Circuits for 
Digital Data Transmission 


INTRODUCTION 


It is frequently necessary to transmit digital data in a high- 
noise environment where ordinary integrated logic circuits 
cannot be used because they do not have sufficient noise 
immunity. One solution to this problem, of course, is to use 
high-noise-immunity logic. In many cases, this approach 
would require worst case logic swings of 30V, requiring high 
power-supply voltages. Further, considerable power would 
be needed to transmit these voltage levels at high speed. 
This is especially true if the lines must be terminated to 
eliminate reflections, since practical transmission lines have 
a low characteristic impedance. 


A much better solution is to convert the ground referred 
digital data at the transmission end into a differential signal 
and transmit this down a balanced, twisted-pair line. At the 
receiving end, any induced noise, or voltage due to ground- 
loop currents, appears equally on both ends of the twisted- 
pair line. Hence, a receiver which responds only to the dif- 
ferential signal from the line will reject the undesired signals 
even with moderate voltage swings from the transmitter. 


Figure 7 illustrates this situation more clearly. When ground 
is used as a signal return as in Figure 7a, the voltage seen 
at the receiving end will be the output voltage of the trans- 
mitter plus any noise voltage induced in the signal line. 


National Semiconductor 
Application Note 22 


Hence, the noise immunity of the transmitter-receiver com- 
bination must be equal to the maximum expected noise 
from both sources. 


The differential transmission scheme diagrammed in Figure 
7b solves this problem. Any ground noise or voltage in- 
duced on the transmission lines will appear equally on both 
inputs of the receiver. The receiver responds only to the 
differential signal coming out of the twisted-pair line and de- 
livers a single-ended output signal referred to the ground at 
the receiving end. Therefore, extremely high noise immuni- 
ties are not needed; and the transmitter and receiver can be 
operated from the same supplies as standard integrated 
logic circuits. 

This article describes the operation and use of a line driver 
and line receiver for transmission systems using twisted-pair 
lines. The transmitter provides a buffered differential output 
from a DTL or TTL input signal. A four-input gate is included 
on the input so that the circuit can also perform logic. The 
receiver detects a zero crossing in the differential input volt- 
age and can directly drive DTL or TTL integrated circuits at 
the receiving end. It also has strobe capability to blank out 
unwanted input signals. Both the transmitter and the receiv- 
er incorporate two independent units on a single silicon 
chip. 
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FIGURE 1. Comparing Differential and Single-Ended Data Transmission 
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LINE DRIVER 


Figure 2 shows a schematic diagram of the line transmitter. 
The circuit has a marked resemblance to a standard TTL 
buffer. In fact, it is possible to use a standard dual buffer as 
a transmitter. However, the DS7830 incorporates additional 
features. For one, the output is current limited to protect the 
driver from accidental shorts in the transmission lines. Sec- 
ondly, diodes on the output clamp sever voltage transients 
that may be induced into the transmission lines. Finally, the 
circuit has internal inversion to produce a differential output 
signal, reducing the skew between the outputs and making 
the output state independent of loading. 


As can be seen from the upper half of Figure 2, a quadruple- 
emitter input transistor, Q9, provides four logic inputs to the 
transmitter. This transistor drives the inverter stage formed 
by Q10 and Q11 to give a NAND output. A low state logic 
input on any of the emitters of Q9 will cause the base drive 
to be removed from Q10, since Q9 will be saturated by cur- 
rent from R8, holding the base of Q10 near ground. Hence, 


Q10 and Q11 will be turned off; and the output will be in a 
high state. When all the emitters of Q9 are at a one logic 
level, Q10 receives base drive from R8 through the forward 
biased collector-base junction of Q9. This saturates Q10 
and also Q11, giving a low output state. The input voltage at 
which the transition occurs is equal to the sum of the emit- 
ter-base turn on voltages of Q10 and Q11 minus the satura- 
tion voltage of Q9. This is about 1.4V at 25°C. 


A standard ‘‘totem-pole” arrangement is used on the output 
stage. When the output is switched to the high state, with 
Q10 and Q11 cut off, current is supplied to the load by Q13 
and Q14 which are connected in a modified Darlington con- 
figuration. Because of the high compound current gain of 
these transistors, the output resistance is quite low and a 
large load current can be supplied. R10 is included across 
the emitter-base junction of Q13 both to drain off any collec- 
tor-base leakage current in Q13 and to discharge the collec- 
tor-base capacitance of Q13 when the output is switched to 


. vt 
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Ri 
9 
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AND 
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FIGURE 2. Schematic Diagram of the DS7830 Line Driver 
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the low state. In the high state, the output level is approxi- 
mately two diode drops below the positive supply, or roughly 
3.6V at 25°C with a 5.0V supply. 


With the output switched into the low state, Q10 saturates, 
holding the base of Q14 about one diode drop above 
ground. This cuts off Q13. Further, both the base current 
and the collector current of Q10 are driven into the base of 
Q11 saturating it and giving a low-state output of about 
0.1V. The circuit is designed so that the base of Q11 is 
supplied 6 mA, so the collector can drive considerable load 
current before it is pulled out of saturation. 


The primary purpose of R12 is to provide current to remove 
the stored charge in Q11 and charge its collector-base ca- 
pacitance when the circuit is switched to the high state. Its 
value is also made less than R9 to prevent supply current 
transients which might otherwise occur* when the power 
supply is coming up to voltage. 

The lower half of the transmitter in Figure 2 is identical to 
the upper, except that an inverter stage has been added. 
This is needed so that an input signal which drives the out- 
put of the upper half positive will drive the lower half nega- 
tive, and vice versa, producing a differential output signal. 
Transistors Q2 and Q3 produce the inversion. Even though 
the current gain is not necessarily needed, the modified Dar- 
lington connection is used to produce the proper logic tran- 
sition voltage on the input of the transmitter. Because of the 
low load capacitance that the inverter sees when it is com- 
pletely within the integrated circuit, it is extremely fast, with 
a typical delay of 3 ns. This minimizes the skew between the 
outputs. 


One of the schemes used when dual buffers are employed 
as a differential line driver is to obtain the NAND output in 
the normal fashion and provide the AND output by connect- 


ing the input of the second buffer to the NAND output. Using 
an internal inverter has some distinct advantages over this: 
for one, capacitive loads which slow down the response of 
the NAND output will not introduce a time skew between the 
two outputs; secondly, line transients on the NAND output 
will not cause an unwanted change of state on the AND 
output. 


Clamp diodes, D1 through D4, are added on all inputs to 
clamp undershoot. This undershoot and ringing can occur in 
TTL systems because the rise and fall times are extremely 
short. 


Output-current limiting is provided by adding a resistor and 
transistor to each of the complementary outputs. Referring 
again to Figure 2, when the current on the NAND output 
increases to a value where the voltage drop across R11 is 
sufficient to turn on Q12, the short circuit protection comes 
into effect. This happens because further increases in out- 
put current flow into the base of Q12 causing it to remove 
base drive from Q14 and, therefore, Q13. Any substantial 
increase in output current will then cause the output voltage 
to collapse to zero. Since the magnitude of the short circuit 
depends on the emitter base turn-on voltage of Q12, this 
current has a negative temperature coefficient. As the chip 
temperature increases from power dissipation, the available 
short circuit current is reduced. The current limiting also 
serves to control the current transient that occurs when the 
output is going through a transition with both Q11 and Q13 
turned on. 


*J. Kalb, “Design Considerations for a TTL Gate”, National Semiconductor 
TP-6, May, 1968. 
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The AND output is similarly protected by R6 and Q5, which 
limits the maximum output current to about 100 mA, pre- 
venting damage to the circuit from shorts between the out- 
puts and ground. 


The current limiting transistors also serve to increase the 
low state output current capability under severe transient 
conditions. For example, when the current into the NAND 
output becomes so high as to pull Q11 out of saturation, the 
output voltage will rise to two diode drops above ground. At 
this voltage, the collector-base junction of Q12 becomes 
forward biased and supplies additional base drive to Q11 
through Q10 which is saturated. This minimizes any further 
increase in output voltage. 

When either of the outputs are in the high state, they can 
drive a large current towards ground without a significant 
change in output voltage. However, noise induced on the 
transmission line which tries to drive the output positive will 
cut it off since it cannot sink current in this state. For this 
reason, D6 and D8 are included to clamp the output and 
keep it from being driven much above the supply voltage, as 
this could damage the circuit. 


When the output is in a low state, it can sink a lot of current 
to clamp positive-going induced voltages on the transmis- 
sion line. However, it cannot source enough current to elimi- 
nate negative-going transients so D5 and D7 are included to 
clamp those voltages to ground. 

It is interesting to note that the voltage swing produced on 
one of the outputs when the clamp diodes go into conduc- 
tion actually increases the differential noise immunity. For 
example with no induced common mode current, the low- 
state output will be a saturation voltage above ground while 
the high output will be two diode drops below the positive 
supply voltage. With positive-going common mode noise on 
the line, the low output remains in saturation; and the high 
output is clamped at a diode drop above the positive supply. 
Hence, in this case, the common mode noise increases the 
differential swing by three diode drops. 


a 


OUTPUT VOLTAGE (V) 





OUTPUT SOURCE CURRENT (mA) 


TL/F/7188-4 
FIGURE 3. High State Output Voltage 
as a Function of Output Current 


Having explained the operation of the line driver, it is appro- 
priate to look at the performance in more detail. Figure 3 
shows the high-state output characteristics under load. 
Over the normal range of output currents, the output resist- 
ance is about 109. With higher output currents, the short 
circuit protection is activated, causing the output voltage to 
drop to zero. As can be seen from the figure, the short-cir- 
cuit current decreases at higher temperatures to minimize 
the possibility of over-heating the integrated circuit. 





OUTPUT VOLTAGE (V) 


~ 


OUTPUT SINK CURRENT (mA) 
TL/F/7188-5 
FIGURE 4. Low-State Output Current as a 
Function of Output Current 


Figure 4 is a similar graph of the low-state output character- 
istics. Here, the output resistance is about 52 with normal 
values of output current. With larger currents, the output 
transistor is pulled out of saturation; and the output voltage 
increases. This is more pronounced at —55°C where the 
transistor current gain is the lowest. However, when the out- 
put voltage rises about two diode drops above ground, the 
collector-base junction of the current-limit transistor be- 
comes forward biased, providing additional base drive for 
the output transistor. This roughly doubles the current avail- 
able for clamping positive common-mode transients on the 
twisted-pair line. It is interesting to note that even though 
the output level increases to about 2V under this condition, 
the differential noise immunity does not suffer because the 
high-state output also increases by about 3V with positive 


going common-mode transients. 


It is clear from the figure that the low state output current is 
not effectively limited. Therefore, the device can be dam- 
aged by shorts between the output and the 5V supply. How- 
ever, protection against shorts between outputs or from the 
outputs to ground is provided by limiting the high-state cur- 
rent. 


The curves in Figures 3 and 4 demonstrate the performance 
of the line driver with large, capacitively-coupled common- 
mode transients, or under gross overload conditions. Figure 
5 shows the ability of the circuit to drive a differential load: 
that is, the transmission line. It can be seen that for output 
currents less than 35 mA, the output resistance is approxi- 
mately 15. At both temperature extremes, the output falls 
off at high currents. At high temperatures, this is caused by 
current limiting of the high output state. At low tempera- 
tures, the fall off of current gain in the low-state output tran- 
sistor produces this result. 


Load lines have been included on the figure to show the 
differential output with various load resistances. The output 
swing can be read off from the intersection of the output 
characteristic with the load line. The figure shows that the 
driver can easily handle load resistances greater than 1000. 


This is more than adequate for practical, twisted-pair lines. 


Figure 6 shows the no load power dissipation, for one-half 
of the dual line driver, as a function of frequency. This infor- 
mation is important for two reasons. First, the increase in 
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TL/F/7188-6 
FIGURE 5. Differential Output Voltage as a 
Function of Differential Output Current 
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TL/F/7188-7 
FIGURE 6. Power Dissipation as a 
Function of Switching Frequency 


power dissipation at high frequencies must be added to the 
excess power dissipation caused by the load to determine 
the total package dissipation. Second, and more important, 
it is a measure of the “glitch” current which flows from the 
positive supply to ground through the output transistors 
when the circuit is going through a transition. If the output 
stage is not properly designed, the current spikes in the 
power supplies can become quite large; and the power dis- 
sipation can increase by as much as a factor of five be- 
tween 100 kHz and 10 MHz. The figure shows that, with no 
capacitive loading, the power increases with frequencies as 
high as 10 MHz is almost negligible. However, with large 
capacitive loads, more power is required. 


The line receiver is designed to detect a zero crossing in the 
differential output of the line driver. Therefore, the propaga- 
tion time of the driver is measured as the time difference 
between the application of a step input and the point where 
the differential output voltage crosses zero. A plot of the 
propagation time over temperature is shown in Figure 7. 
This delay is added directly to the propagation time of the 
transmission line and the delay of the line receiver to deter- 
mine the total data-propagation time. However, in most cas- 
es, the delay of the driver is small, even by comparison to 
the uncertainties in the other delays. 
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TL/F/7188-8 
FIGURE 7. Propagation Time as a 
Function of Temperature 


To summarize the characteristics of the DS7830 line driver, 
the input interfaces directly with standard TTL circuits. It 
presents a load which is equivalent to a fan out of 3 to the 
circuit driving it, and it operates from the 5.0V, +10% logic 
supplies. The output can drive low impedance lines down to 
509 and capacitive loads up to 5000 pF. The time skew 
between the outputs is minimized to reduce radiation from 
the twisted-pair lines, and the circuit is designed to clamp 
common mode transients coupled into the line. Short circuit 
protection is also provided. The integrated circuit consists of 
two independent drivers fabricated on a 41 x 53 mil-square 
die using the standard TTL process. A photomicrograph of 
the chip is shown in Figure 8. 





TL/F/7188-9 
FIGURE 8. Photomicrograph of the 
DS7830 Dual Line Driver 


LINE RECEIVER 


As mentioned previously, the function of the line receiver is 
to convert the differential output signal of the line driver into 
a single ended, ground-referred signal to drive standard digi- 
tal circuits on the receiving end. At the same time it must 
reject the common mode and induced noise on the trans- 
mission line. 
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Normally this would not be too difficult a task because of the 
large signal swings involved. However, it was considered 
important that the receiver operate from the +5V logic sup- 
ply without requiring additional supply voltages, as do most 
other line receiver designs. This complicates the situation 
because the receive must operate with + 15V input signals 
which are considerably greater than the operating supply 
voltage. 

The large common mode range over which the circuit must 
work can be reduced with an attenuator on the input of the 
receiver. In this design, the input signal is attenuated by a 
factor of 30. Hence, the +15V common mode voltage is 
reduced to +0.5V, which can be handed easily by circuitry 
operating from a 5V supply. However, the differential input 
signal, which can go down as low as +2.4V in the worst 
case, is also reduced to +80 mV. Hence, it is necessary to 
employ a fairly accurate zero crossing detector in the receiv- 
er. 


System requirements dictated that the threshold inaccuracy 
introduced by the zero crossing detector be less than 
17 mV. In principle, this accuracy requirement should not 
pose insurmountable problems because it is a simple matter 
to make well matched parts in an integrated circuit. 


Figure 9 shows a simplified schematic diagram of the circuit 
configuration used for the line receiver. The input signal is 
attenuated by the resistive dividers R1-R2 and R8-R3. This 
attenuated signal is fed into a balanced DC amplifier, oper- 
ating in the common base configuration. This input amplifier, 
consisting of Q1 and Q2, removes the common mode com- 
ponent of the input signal. Further, it delivers an output sig- 
nal at the collector of Q2, which is nearly equal in amplitude 
to the original differential input signal. this output signal is 
buffered by Q6 and drives an output amplifier, Q8. The out- 
put stage drives the logic load directly. 
An understanding of the circuit can be obtained by first con- 
sidering the input stage. Assuming high current gains and 
neglecting the voltage drop across R3, the collector current 
of Q1 will be: 
V* = Veer ~ Vees — Vaca (1) 
Ri1 
With equal emitter-base voltages for all transistors, this be- 
comes: 


Io1 = 


vt — 3VBE 
R11 

The output voltage at the collector of Q2 will be: 
Vo2 = Vt = IcaR12 (3) 

When the differential input voltage to the receiver is zero, 

the voltages presented to the emitters of Q1 and Q2 will be 

equal. If Q1 and Q2 are matched devices, which is easy to 

arrange when they are fabricated close together on a single 

silicon chip, their collector currents will be equal with zero 

input voltage. Hence, the output voltage from Q2 can be 

determined by substituting (2) into (3): 


R12 
Rit 
For R11 = R12, this becomes: 

Vc2 = 3VBE 


C= (2) 


Vo2 = Vt —- (V7 — 3Vge) (4) 
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FIGURE 9. Simplified Schematic of the Line Receiver 


The voltage on the base of Q6 will likewise be 3Vge when 
the output is on the verge of switching from a zero to a one 
state. A differential input signal which causes Q2 to conduct 
more heavily will then make the output go high, while an 
input signal in the opposite direction will cause the output to 
saturate. 


It should be noted that the balance of this circuit is not af- 
fected by absolute values of components—only by how well 
they match. Nor is it affected by variations in the positive 
supply voltage, so it will perform well with standard logic 
supply voltages between 4.5V and 5.5V. In addition, compo- 
nent values are chosen so that the collector currents of Q4 
and Q6 are equal. As a result, the base currents of Q4 and 
Q6 do not upset the balance of the input stage. This means 
that circuit performance is not greatly affected by production 
or temperature variations in transistor current gain. 


A complete schematic of the line receiver, shown in Figure 
70, shows several refinements of the basic circuit which are 
needed to secure proper operation under all conditions. For 
one, the explanation of the simplified circuit ignores the fact 
that the collector current of Q1 will be affected by common 
mode voltage developed across R3. This can give a 0.5V 
threshold error at the extremes of the +15V common 
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mode range. To compensate for this, a separate divider, R9 
and R10, is used to maintain a constant collector current in 
Q1 with varying common mode signals. With an increasing 
common mode voltage on the non-inverting input, the volt- 
age on the emitter of Q1 will increase. Normally, this would 
cause the voltage across R11 to decrease, reducing the 
collector current of Q1. However, the increasing common 
mode signal also drives the top end of R11 through R9 and 
R10 so as to hold the voltage drop across R11 constant. 


In addition to improving the common mode rejection, R9 
also forces the output of the receiver into the high state 
when nothing is connected to the input lines. This means 
that the output will be in a pre-determined state when the 
transmission cables are disconnected. 


A diode connected transistor, Q5, is also added in the com- 
plete circuit to provide strobe capability. With a logic zero on 
the strobe terminal, the output will be high no matter what 
the input signal is. With the strobe, the receiver can be 
made immune to any noise signals during intervals where 
No digital information is expected. The output state with the 
strobe on is also the same as the output state with the input 
terminals open. 
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. FIGURE 10. Complete Schematic of One Half of the DS7820 Line Recelver 


The collector of Q2 is brought out so that an external capac- 
itor can be used to slow down the receiver to where it will 
not respond to fast noise spikes. This capacitor, which Is 
connected between the response-time-control terminal and 
ground, does not give exactly-symmetrical delays. The de- 
lay for input signals which produce a positive-going output 
will be less than for input signals of opposite polarity. This 
happens because the impedance on the collector of Q2 
drops as Q6 goes into saturation, reducing the effectiveness 
of the capacitor. 


Another difference in the complete circuit is that the output 
stage is improved both to provide more gain and to reduce 
the output resistance in the high output state. This was ac- 
complished by adding Q9 and Q10. When the output stage 
is operating in the linear region, that is, on the verge of 
switching to either the high or the low state, Q9 and Q10 
form sort of an active collector load for Q8. The current 
through R15 is constant at approximately 2 mA as the out- 
put voltage changes through the active region. Hence, the 
percentage change in the collector current of Q8 due to the 
voltage change across R17 is made smaller by this pre-bias 
current; and the effective stage gain is increased. 


With the output in the high state (Q8 cut off), the output 
resistance is equal to R15, as long as the load current is 
less than 2 mA. When the load current goes above this 
value, Q9 turns on; and the output resistance increases to 
1.5k, the value of R17. 
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This particular output configuration gives a higher gain than 
either a standard DTL or TTL output stage. It can also drive 
enough current in the high state to make it compatible with 
TTL, yet outputs can be wire OR’ed as with DTL. 


Remaining details of the circuit are that Q7 is connected as 
an emitter follower to make the circuit even less sensitive to 
transistor current gains. R16 limits the base drive to Q7 with 
the output saturated, while R17 limits the base drive to the 
output transistor, Q8. A resistor, R7, which can be used to 
terminate the twisted-pair line is also included on the chip. It 
is not connected directly across the inputs. Instead, one end 
is left open so that a capacitor can be inserted in series with 
the resistor. The capacitor significantly reduces the power 
dissipation in both the line transmitter and receiver, espe- 
cially in low-duty-cycle applications, by terminating the line 
at high frequencies but blocking steady-state current flow in 
the terminating resistor. 


Since line receivers are generally used repetitively in a sys- 
tem, the DS7820 has been designed with two independent 
receivers on a single silicon chip. The device is fabricated 
on a 41 x 49 mil-square die using the standard six mask 
planar-epitaxial process. The processing employed is identi- 
cal to that used on TTL circuits, and the design does not 
impose any unusual demands on the processing. It is only 
required that various parts within the circuit match well, but 
this is easily accomplished in a monolithic integrated circuit 
without any special effort in manufacturing. A photomicro- 
graph of the integrated circuit chip is shown in Figure 17. 





TL/F/7188-12 
FIGURE 11. Photomicrograph of the DS7820 
Dual Line Receiver 


The only components in the circuit which see voltages high- 
er than standard logic circuits are the resistors used to at- 
tenuate the input signal. These resistors, R1, R7, R8 and 
R9, are diffused into a separate, floating, N-type isolation 
tub, so that the higher voltage is not seen by any of the 
transistors. For a + 15V input voltage range, the breakdown 
voltages required for the collector-isolation and collector- 
base diodes are only 15V and 19V, respectively. These 
breakdown voltages can be achieved readily with standard 
digital processing. 


The purpose of the foregoing was to forevde some insight 
into circuit operation. A more exact mathematical analysis of 
the device is developed in Appendix A. 


RECEIVER PERFORMANCE 


The characteristics of the line receiver are described graphi- 
cally in Figures 12 through 78. Figure 72 illustrates the ef- 
fect of supply voltage variations on the threshold accuracy. 
The upper curve gives the differential input voltage required 
to hold the output at 2.5V while it is supplying 200 A to the 
digital load. The lower curve shows the differential input 
needed to hold the output at 0.4V while it sinks 3.5 mA from 
the digital load. This load corresponds to a worst case fan- 
out of 2 with either DTL or TTL integrated circuits. The data 
shows that the threshold accuracy is only affected by 
+60 mV for a +10% change in supply voltage. Proper op- 
eration can be secured over a wider range of supply volt- 
ages, although the error becomes excessive at voltages be- 
low 4V. 
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TL/F/7188-13 
FIGURE 12. Differential Input Voltage Required for High 
or Low Output as a Function of Supply Voltage 
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Figure 13 is a similar plot for varying common mode input 
voltage. Again the differential input voltages are given for 
high and low states on the output with a worst case fanout 
of 2. With precisely matched components within the inte- 
grated circuit, the threshold voltage will not change with 
common mode voltage. The mismatches typically encoun- 
tered give a threshold voltage change of +100 mV overa 
+20V common mode range. This change can have either a 
positive slope or a negative slope. 


DIFFERENTIAL INTPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 
TL/F/7188-14 
FIGURE 13. Differential Input Voltage Required for High 
or Low Output as a Function of Common Mode Voltage 
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TL/F/7188-15 
FIGURE 14. Voltage Transfer Function 


The transfer function of the circuit is given in Figure 74. The 
loading is for a worst case fanout of 2. The digital load is not 
linear, and this is reflected as a non-linearity in the transfer 
function which occurs with the output around 1.5V. These 
transfer characteristics show that the only significant effect 
of temperature is a reduction in the positive swing at 
— 55°C. However, the voltage available remains well above 
the 2.5V required by digital logic. 


fe ae 

om Ea a] 
i a i) 
re ee 
pele ae al ee 
occ 


nn 


DIFFERENTIAL 


OUTPUT VOLTAGE (V) INPUT VOLTAGE (V) 


Coeiay = 100 pF 





TIME (us) 
TL/F/7188-16 
FIGURE 15. Response Time with and 
without an External Delay Capacitor 
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Figure 15 gives the response time, or propagation delay, of 
the receiver. Normally, the delay through the circuit is about 
40 ns. As shown, the delay can be increased, by the addi- 
tion of a capacitor between the response-time terminal and 
ground, to make the device immune to fast noise spikes on 
the input. The delay will generally be longer for negative 
going outputs than for positive going outputs. : 

Under normal conditions, the power dissipated in the receiv- 
er is relatively low. However, with large common mode input 
voltages, dissipation increases markedly, as shown in Fig- 
ure 16. This is of little consequence with common mode 
transients, but the increased dissipation must be taken into 
account when there is a DC difference between the grounds 
of the transmitter and the receiver. It is important to note 
that Figure 16 gives the dissipation for one half the dual 
receiver. The total package dissipation will be twice the val- 
ues given when both sides are operated under identical 
conditions. 
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TL/F/7188~17 
FIGURE 16. Internal Power Dissipation as a Function of 
Common Mode Input Voltage 


Figure 17 shows that the power supply current also changes 
with common mode input voltage due to the current drawn 
out of or fed into the supply through R9. The supply current 
reaches a maximum with negative input voltages and can 
actually reverse with large positive input voltages. The figure 
also shows that the supply current with the output switched 
into the low state is about 3 mA higher than with a high 
output. 
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TL/F/7188-18 
FIGURE 17. Power Supply Current as a Function of 
Common Mode Input Voltage 
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The variation of the internal termination resistance with tem- 
perature is illustrated in Figure 18. Taking into account the 
initial tolerance as well as the change with temperature, the 
termination resistance is by no means precise. Fortunately, 
in most cases, the termination resistance can vary appreci- 
ably without greatly affecting the characteristics of the 
transmission line. If the resistor tolerance is a problem, how- 
ever, an external resistor can be used in place of the one 
provided within the integrated circuit. 
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! “TL/F/7188-19 
‘FIGURE 18. Variation of Termination Resistance 
with Temperature 


DATA TRANSMISSION 


The interconnection of the DS7830 line driver with the 
DS7820 line receiver is shown in Figure 79. With the excep- 
tion of the transmission line, the design is rather straightfor- 
ward. Connections on the input of the driver and the output 
or strobe of the receiver follow standard design rules for 
DTL or TTL integrated logic circuits. The load presented by 
the driver inputs is equal to 3 standard digital loads, while 
the receiver can drive a worst-case fanout of 2. The load 
presented by the receiver strobe is equal to one standard 
load. 


The purpose of C1 on the receiver is to provide DC isolation 
of the termination resistor for the transmission line. This ca- 
pacitor can both increase the differential noise immunity, by 
reducing attenuation on the line, and reduce power dissipa- 
tion in both the transmitter and receiver. In some applica- 
tions, C1 can be replaced with a short between Pins 1 and 
2, which connects the internal termination resistor of the 
DS7820 directly across the line. C2 may be included, if nec- 
essary, to control the response time of the receiver, making 
it immune to noise spikes that may be coupled differentially 
into the transmission lines. 
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FIGURE 19. Interconnection of the Line Driver and Line Receiver 
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TL/F/7188-22 
FIGURE 21. Line Response for Various Termination 
Resistances with a DC Isolation Capacitor 

The effect of different values of DC isolation capacitors is 
illustrated in Figure 22. This shows that the RC time con- 
stant of the termination resistor/isolation capacitor combi- 
nation should be 2 to 3 times the line delay. As before, this 
data was taken for a 150 ns long line. 
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tor is used. The line is identical to that used in the previous 
example. It can be seen that the transient reponse is nearly 
the same as a DC terminated line. The attenuation, on the 
other hand, is considerably lower, being the same as an 
unterminated line. An added advantage of using the isola- 
tion capacitor is that the DC signal current is blocked from 
the termination resistor which reduces the average power 
drain of the driver and the power dissipation in both the TIME (us) 
driver and receiver. TL/F/7188-23 
FIGURE 22. Response of Terminated Line with Different 
DC Isolation Capacitors 
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TL/F/7188-24 
c. Vom = 15V 


FIGURE 23. LIne Response With Different Terminations and Common Mode Input Voltages 


In Figure 23, the influence of a varying ground voltage be- 
tween the transmitter and the receiver is shown. The differ- 
ence in the characteristics arises because the source resist- 
ance of the driver is not constant under all conditions. The 
high output of the transmitter looks like an open circuit to 
voltages reflected from the receiving end of the transmis- 
sion line which try to drive it higher than its normal DC state. 
This condition exists until the voltage at the transmitting end 
becomes high enough to forward bias the clamp diode on 
the 5V supply. Much of the phenomena which does not fol- 
low simple transmission-line theory is caused by this. For 
example, with an unterminated line, the overshoot comes 
from the reflected signal charging the line capacitance to 
where the clamp diodes are forward biased. The overshoot 
then decays at a rate determined by the total line capaci- 
tance and the input resistance of the receiver. 


When the ground on the receiver is 15V more negative than 
the ground at the transmitting end, the decay with an un- 
terminated line is faster, as shown in Figure 23b. This oc- 
curs because there is more current from the input resistor of 
the receiver to discharge the line capacitance. With a termi- 
nated line, however, the transmission characteristics are the 
same as for equal ground voltages because the terminating 
resistor keeps the line from getting charged. 


Figure 23c gives the transmission characteristics when the 
receiver ground is 15V more positive than the transmitter 
ground. When the line is not terminated, the differential volt- 
age swing is increased because the high output of the driver 
will be pulled against the clamp diodes by the common 
mode input current of the receiver. With a DC isolation ca- 
pacitor, the differential swing will reach this same value with 
a time constant determined by the isolation capacitor and 
the input resistance of the receiver. With a DC coupled ter- 
mination, the characteristics are unchanged because the 
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differential load current is large by comparison to the com- 
mon mode current so that the output transistors of the driver 
are always conducting. 


The low output of the driver can also be pulled below 
ground to where the lower clamp diode conducts, giving 
effects which are similar to those described for the high 
output. However, a current of about 9 mA is required to do 
this, so it does not happen under normal operating condi- 
tions. 


To summarize, the best termination is an RC combination 
with a time constant approximately equal to 3 times the 
transmission-line delay. Even though its value is not pre- 
cisely determined, the internal termination resistor of the 
integrated circuit can be used because the line characteris- 
tics are not greatly affected by the termination resistor. 


The only place that an RC termination can cause problems 
is when the data transmission rate approaches the line de- 
lay and the attenuation down the line (terminated) is greater 
than 3 dB. This would correspond to more than 1000 ft. of 
twisted-pair cable with No. 22 copper conductors. Under 
these conditions, the noise margin can disappear with low- 
duty-cycle signals. If this is the case, it is best to operate the 
twisted-pair line without a termination to minimize transmis- 
sion losses. Reflections should not be a problem as they will 
be absorbed by the line losses. 


CONCLUSION 


A method of transmitting digital information in high-noise 
environments has been described. The technique is a much 
more attractive solution than high-noise-immunity logic as it 
has lower power consumption, provides more noise rejec- 
tion, operates from standard 5V supplies, and is fully com- 
patible with almost all integrated logic circuits. An additional 
advantage is that the circuits can be fabricated with integrat- 
ed circuit processes used for standard logic circuits. 





APPENDIX A 
LINE RECEIVER 


Design Analysis 


The purpose of this appendix is to derive mathematical ex- 
pressions describing the operation of the line receiver. It will 
be shown that the performance of the circuit is not greatly 
affected by the absolute value of the components within the 
integrated circuit or by the supply voltage. Instead, it de- 
pends mostly on how well the various parts match. 

The analysis will assume that all the resistors are well 
matched in ratio and that the transistors are likewise 
matched, since this is easily accomplished over a broad 
temperature range with monolithic construction. However, 
the effects of component mismatching will be discussed 
where important. Further, large transistor current gains will 
be assumed, but it will be pointed out later that this is valid 
for current gains greater than about 10. 


A schematic diagram of the DS7820 line receiver is shown 
in Figure A-1, Referring to this circuit, the collector current 
of the input transistor is given by 
_ V* = Veer — Vee — Vees 
R9//R10 + R11 + R3//R8 
R3 V _ __RS3//R11 
R4+2R6+R3 °F' Re + Rav/A1 |N 
7 R9//R10 + R11 + R3//R8 
R10//R11 
rm R9 + R10//R11 
R9//R10 + R11 + R3//R8 


Ic 


(Vin - V*) 
(A.1) 


NON-INVERTING 
INPUT 


TERMINATION 


where Vin is the common mode input voltage and R3//Rp 
denotes the parallel connection of the two resistors. In 
Equation (A.1), R8 = R9, R3 = R10, R10 < Ri, 
R9 > R10, R3 < R11, R8 > R3 and 


R3 
—————— <3 
R4 + 2R6 + R3 
so it can be reduced to 
R10 
Vt — 3Vpe — —— Vt 
BE ~ Bg 


lc1 = Bio + RI1 + RO (A.2) 


which shows that the collector current of Q1 is not affected 
by the common mode voltage. 
The output voltage on the collector of Q2 is 

Veo = V* — IgaR12 (A.3) 
For zero differential input voltage, the collector currents of 
Q1 and Q2 will be equal so Equation (A.3) becomes 

+ R10. 
R12 (v — 3VeE — ho Y ) 
R10 + Rii + R3 
It is desired that this voltage be 3Vg_e so that the output 
stage is just on the verge of switching with zero input. Forc- 
ing this condition and solving for R12 yields 
Vt — 3Vpe 


R10 
Vt — 9Vpe — ——vt 
BE RO 


Voo = Vt - (A.4) 


R12 = (R10 + R11 + R3) 


This shows that the optimum value of R12 is dependent on 
supply voltage. For a 5V supply it has a value of 4.7 kf. 
Substituting this and the other component values into (A.4), 


Voo = 2.83Vge + 0.081V*, (A.6) 
RESPONSE-TIME 
CONTROL 
v* 
ouTeuT 
GROUND 


INVERTING 
INPUT 


FIGURE A-1. Schematic Diagram of One Half of the DS7820 Line Receiver 
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which shows that the voltage on the collector of Q2 will vary 
by about 80 mV for a 1V change in supply voltage. 
The next step in the analysis is to obtain an expression for 
the voltage gain of the input stage. 
An equivalent circuit of the input stage is given in Figure A-2. 
Noting that R6 = R7 = R8 and R2 = 0.1 (R6 + R7//R8), 
the change in the emitter current of Q1 for a change in input 
voltage is 
0.9 R2 
R1 (0.9 R2 + Reg) 
Hence, the change in output voltage will be 
AVout = algeR12 

_ 09aR2R12 

~ R1(0.9R2 + Reo 
Since a = 1, the voltage gain is 

0.9 R2R12 

R1 (0.9 R2 + Reo) 
The emitter resistance of Q2 is given by 


kT 
Res = 
ace 


vt 3VBeE 
R12 


so kT Rt2 


Reo = —~—__— 
Ee a(V* — 3Vpe) 


Therefore, at 25°C where Vye = 670 mV and kT/q = 
26 mV, the computed value for gain is 0.745. The gain is not 
greatly affected by temperature as the gain at —55°C where 
Vee = 810 mV and kT/q = 18 mV is 0.774, and the gain at 
125°C where Vee = 480 mV and kT/q = 34 mV is 0.730. 


With a voltage gain of 0.75, the results of Equation (A.6) 
show that the input referred threshold voltage will change 
by 0.11V for a 1V change in supply voltage. With the stan- 
dard +10-percent supplies used for logic circuits, this 
means that the threshold voltage will change by less than 
+60 mV. 


Finally, the threshold error due to finite gain in the output 
stage can be considered. The collector current of Q7 from 
the bleeder resistor R14, is large by comparison to the base 
current of Q8, if Q8 has a reasonable current gain. Hence, 
the collector current of Q7 does not change appreciably 
when the output switches from a logic one to a logic zero. 
This is even more true for Q6, an emitter follower which 
drives Q7. Therefore, it is safe to presume that Q6 does not 


Algo = AVIN (A.7) 


AVIN (A.8) 


Avi = (A.9) 


(A.10) 
Ico = (A.11) 


(A.12) 


load the output of the first-stage amplifier, because of the 
compounded current gain of the three transistors, and that 
Q8 is driven from a low resistance source. 
It follows that the gain of the output stage can be deter- 
mined from the change in the emitter-base voltage of Q8 
required to swing the output from a logic one state to a logic 
zero state. The expression 

AVsE = ull lode Ic 

q Ic2 

describes the change in emitter-base voltage required to 
vary the collector current from one value, Ic¢;, to a second, 
Ico. With the output of the receiver in the low state, the 
collector current of Q8 is 


—— V* — Voi — Vee9 ~ VBe10 
oe R17 
Veeg _ VBEs 
Ri5 R14 
where Vo, is the low state output voltage and Isinx is the 
current load from the logic that the receiver is driving. Not- 
ing that R13 = 2R14 and figuring that all the emitter-base 
voltages are the same, this becomes 
v* — Vor — 2Vee 
R17 
VBE 
2R14 


Similarly, with the output in the high state, the collector cur- 
rent of Q8 is 


(A.13) 


VBE7 
—BE? + eink, 
Rig SINK 


(A.14) 


VBE 


lo. = R15 


+ ISInK (A.15) 


V* — Vou — Vee9 — Vae10 


lo = R17 


Veco _ VBEB 
R15 R14 
VBE7 


+ —BE7 _ | 
R13 SOURCE 


where Vou is the high-level output voltage and Isource is 
the current needed to supply the input leakage of the digital 
circuits loading the comparator. 

With the same conditions used in arriving at (A.15), this be- 
comes 


(A.16) 


V* — Vou — 2VBE 
R17 


VBE 


lon = R15 


VBE 


——BE _| 
2R14 SOURCE 
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FIGURE A-2. Equivalent Circuit Used to Calculate Input Stage Gain 
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From (A.13) the change in the emitter-base voltage of Q8 in 
going from the high output level to the low output level is 


low (A.18) 


kT 
AVee = ms lode ion 


providing that Q8 is not quite in en although it may 
be on the verge of saturation. 


The change of input threshold voltage is then 


kT AT ogo 1b lou 
gAv1 1OH 
where Ay, is the input stage gain. With a worst case fanout 
of 2, where Voy = 2.5V, Vot = 0.4V, IsouRCE = 40 HA 
and Isink = 3.2 mA, the calculated change in threshold is 
37 mV at 25°C, 24 mV at —55°C and 52 mV at 125°C. 


The measured values of overall gain differ by about a factor 
of two from the calculated gain. This is not too surprising 
because a number of assumptions were made which intro- 
duce small errors, and all these errors lower the gain. It is 
also not too important because the gain is high enough 
where another factor of two reduction would not cause the 
circuit to stop working. 


The main contributors to this discrepancy are the non-ideal 
behavior of the emitter-base voltage of Q8 due to current 
crowding under the emitter and the variation in the emitter 
base voltage of Q7 and Q8 with changes in collector-emitter 
voltage (hre). 

Although these parameters can vary considerably with dif- 
ferent manufacturing methods, they are relatively fixed for a 
given process. The AVpg¢ errors introduced by these quanti- 


AVTy = (A.19) 


ties, if known, can be added directly into Equation (A. a) to 
give a more accurate gain expression. 


The most stringent matching requirement in the receiver is 
the matching of the input stage divider resistors: R1 with R8 
and R2 with R3. As little as 1% mismatch in one of these 
pairs can cause a threshold shift of 150 mV at the extremes 
of the +15V common mode range. Because of this, it is 
necessary to make the resistors absolutely identical and lo- 
cate them close together. In addition, since R1.and R8 do 
dissipate a reasonable amount of power, they have to be 
located to minimize the thermal gradient between them. To 
do this, R9 was located between R1 and R8 so that it would 
heat both of these resistors equally. There are not serious 
heating problems with R2 and R3; however, because of 
their low resistance value, it was necessary even to match 
the lengths of the aluminum interconnects, as the resist- 
ance of the aluminum is high enough to cause intolerable 
mismatches. Of secondary importance is the matching of 
Q1 and Q2 and the matching of ratios between R11 and 
R12. A 1 mV difference in the emitter-base voltages of Q1 
and Q2 causes a 30 mV input offset voltage as does a 1% 
mismatch in the ratio of R11 to R12. 


The circuit is indeed insensitive to transistor current gains 
as long as they are above 10. The collector currents of Q4 
and Q6 are made equal so that their base currents load the 
collectors of Q1 and Q2 equally. Hence, the input threshold 
voltage is affected only by how well the current gains match. 
Low current gain in the output transistor, Q8, can cause a 
reduction in gain. But even with a current gain of 10, the 
error produced in the input threshold voltage is less than 
50 mV. ~ 
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Transmission Line 
Characteristics 


INTRODUCTION : 

Digital systems generally require the transmission of digital 
signals to and from other elements of the system. The com- 
ponent wavelengths of the digital signals will usually be 
shorter than the electrical length of the cable used to con- 
nect the subsystems together and, therefore, the cables 
should be treated as a transmissions line. In addition, the 
digital signal is usually exposed to hostile electrical noise 
sources which will require. more noise immunity than re- 
quired in the individual subsystems environment. 


The requirements for transmission line techniques and 
noise immunity are recognized by the designers of subsys- 
tems and systems, but the solutions used vary considerably. 
Two widely used example methods of the solution are 
shown in Figure 7. The two methods illustrated use unbal- 
anced and balanced circuit techniques. This application 
note will delineate the characteristics of digital signals in 
transmission lines and characteristics of the line that effect 
the quality, and will compare the unbalanced and balanced 
circuits performance in digital systems. 


UNBALANCED METHOO 


tL M75452 


BALANCEO METHOD 
OM7830 


TL/F/8826-1 
FIGURE 1 


NOISE 


The cables used to transmit digital signals external to a sub- 
system and in route between the subsystem, are exposed to 
external electromagnetic noise caused by switching tran- 
sients from actuating devices of neighboring control sys- 
tems. Also external to a specific subsystem, another sub- 
system may have a ground problem which will induce noise 
on the system, as indicated in Figure 2. 


The signals in adjacent wires inside a cable may induce 
electromagnetic noise on other wires in the cable. The in- 
duced electromagnetic noise is worse when a line terminat- 
ed at one end of the cable is near to a driver at the same 
end, as shown in Figure 3. Some noise may be induced from 
relay circuits which have very large transient voltage swings 
compared to the digital signals in the same cable. Another 
source of induced noise is current in the common ground 
wire or wires in the cable. 


National Semiconductor 
Application Note 108 
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FIGURE 2. External Noise Sources 
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TL/F/8826-3 
FIGURE 3. Internal Noise Sources 


DISTORTION 

The objective is the transmission and recovery of digital in- 
telligence between subsystems, and to this end, the charac- 
teristics of the data recovered must resemble the data 
transmitted. In Figure 4 there is a difference in the pulse 
width of the data and the timing signal transmitted, and the 
corresponding signal received. In addition there is a further 
difference in the signal when the data is ““AND”ed with the 
timing signal. The distortion of the signal occurred in the 
transmission line and in the line driver and receiver. 
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FIGURE 4. Effect of Distortion 
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A primary cause of distortion is the effect the transmission 
line has on the rise time of the transmitted data. Figure 5 
shows what happens to a voltage step from the driver as it 
travels down the line. The rise time of the signal increases 
as the signal travels down the line. This effect will tend to 
affect the timing of the recovered signal. 
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: TL/F/8826-5 
FIGURE 5. Signal Response at Receiver 


THE STEP RESPONSE OF A TRANSMISSION 
LINE RESEMBLES A COMPLIMENTARY 
ERROR FUNCTION RATHER THAN AN 
EXPONENTIAL FUNCTION 


TIME 
TL/F/8826-6 
FIGURE 6. Signal Rise Time 


The rise time in a transmission line is not an exponential 
function but a complementary error function. The high fre- 
quency components of the step input are attenuated and 
delayed more than the low frequency components. This at- 
tenuation is inversely proportional to the frequency. Notice 
in Figure 6 particularly that the signal takes much longer to 
reach its final DC value. This effect is more significant for 
fast risetimes. 


The Duty Cycle of the transmitted signal also causes distor- 
tion. The effect is related to the signal rise time as shown in 
Figure 7. The signal doesn’t reach one logic level before the 
signal changes to another level. If the signal has a 1% (60%) 
Duty Cycle and the threshold of the receiver is halfway be- 
tween the logic levels, the distortion is small. But if the Duty 
Cycle is % as shown in the second case the signal is con- 
siderably distorted. In some cases, the signal may not reach 
the receiver threshold at all. 
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FIGURE 7. Signal Distortion Due to Duty Cycle 





In the previous example, it was assumed that the threshold 
of the receiver was halfway between the ONE and ZERO 
logic levels. If the receiver threshold isn’t halfway the receiv- 
er will contribute to the distortion of the recovered signal. As 
shown in Figure 8, the pulse time is lengthened or short- 
ened, depending on the polarity of the signal at the receiver. 
This is due to the offset of the receiver threshold. 
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FIGURE 8. Slicing Level Distortion 


UNBALANCED METHOD 


Another source of distortion is caused by the IR losses in 
the wire. Figure 9 shows the IR losses that occur in a thou- 
sand feet of no. 22 AWG wire. Notice in this example that 
the losses reduce the signal below the threshold of the re- 
ceiver in the unbalanced method. Also that part of the IR 
drop in the ground wire is common to other circuits—this 
ground signal will appear as a source of noise to the other 
unbalanced line receivers in the system. 
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FIGURE 9. Unbalanced Method 


Transmission lines don’t necessarily have to be perfectly 
terminated at both ends, (as will be shown later) but the 
termination used in the unbalanced method will cause addi- 
tional distortion. Figure 70 shows the signal on the transmis- 
sion line at the driver and at the receiver. In this case the 
receiver was terminated in 120, but the characteristic im- 
pedance of the line is much less. Notice that the wave forms 
have significant steps due to the incorrect termination of the 
line. The signal is subject to misinterpretation by the line 
receiver during the period of this signal transient because of 
the distortion caused by Duty Cycle and attenuation. In addi- 
tion, the noise margin of the signal is reduced. 
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FIGURE 10. LM75451, DM7400 Line Voltage Waveforms 


The signal waveforms on the transmission line can be esti- 
mated before hand by a reflection diagram. Figure 77 shows 
the reflection diagram of the rise time wave forms. The volt- 
age versus current plot on left then is used to predict the 
transient rise time of the signal shown on the right. The 
initial condition on the transmission line is an IR drop across 
the line termination. The first transient on the line traverses 
from this initial point to zero current. The path it follows 
corresponds to the characteristic impedance of the line. The 
second transient on the diagram is at the line termination. 
As shown, the signal reflects back and forth until it reaches 
its final DC value. 

Figure 12 shows the reflection diagram of the fall time. 
Again the signal reflects back and forth between the line 
termination until it reaches its final DC value. In both the rise 
and fall time diagrams, there are transient voltage and cur- 
rent signals that subtract from the particular signal and add 
to the system noise. 
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FIGURE 11. Line Reflection Diagram of Rise Time 
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FIGURE 12. Line Reflection Diagram of Fall Time 


BALANCED METHOD 


In the balanced method shown in Figure 73, the transient 
voltages and currents on the line are equal and opposite 
and cancel each others noise. Also unlike the unbalanced 
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method, they generate very little ground noise. As a result, 
the balanced circuit doesn’t contribute to the noise pollution 
of its environment. 
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FIGURE 13. Cross Talk of Signals 


The circuit used for a line receiver in the balanced method is 
a differential amplifier. Figure 14 shows a noise transient 
induced equally on lines A and line B from line C. Because 
the signals on line A and B are equal, the signals are ig- 
nored by the differential line receiver. 

Likewise for the same reason, the differential signals on 
lines A and B from the driver will not induce transients on 
line C. Thus, the balanced method doesn’t generate noise 
and also isn’t susceptible to noise. On the other hand the 
unbalanced method is more sensitive to noise and also gen- 


erates more noise. 
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FIGURE 14. Cross Talk of Signals 


The characteristic impedance of the unbalanced transmis- 
sion line is less than the impedance of the balanced trans- 
mission line. In the unbalanced method there is more ca- 
Pacitance and less inductance than in the balanced method. 
In the balanced method the Reactance to adjacent wires is 
almost cancelled (see Figure 75). As a result a transmission 
line may have a 60 unbalanced impedance and a 90N 
balanced impedance. This means that the unbalanced 





method, which is more susceptible to IR drop, must use a 
smaller value termination, which will further increase the IR 
drop in the line. 
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FIGURE 15. Zo Unbalanced < Zo Balanced 


The impedance measurement of an unbalanced and bal- 
anced line must be made differently. The balanced imped- 
ance must be measured with a balanced signal. If there is 
any unbalance in the signal on the balanced line, there will 
be an unbalance reflection at the terminator. Therefore, the 
lines should also be terminated for unbalanced signals. Fig- 
ure 16 shows the perfect termination configuration of a bal- 
anced transmission line. This termination method is primari- 
ly required for accurate impedance measurements. 
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FIGURE 16. Impedance Measurement 


MEASURED PERFORMANCE 


The unbalanced method circuit used in this application note 
up to this point is the unbalanced circuit shown in Figure 1. 
The termination of its transmission line was greater than 
the characteristic impedance of the unbalanced line and the 
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FIGURE 19. Data Rate vs Duty Cycle 
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FIGURE 20. Data Rate vs Line 
Termination 


circuit had considerable threshold offset. The measured 
performance of the unbalanced circuit wasn’t comparable to 
the balanced method. Therefore, for the following compari- 
son of unbalanced and balanced circuits, an improved ter- 
mination shown in Figure 17 will be used. This circuit termi- 
nates the line in 600 and minimized the receiver threshold 
offset. 
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FIGURE 17. Improved Unbalanced Method 


A plot of the Absolute Maximum Data Rate versus cable 
type is shown in Figure 78. The graph shows the different 
performances of the DM7820A line receiver and the 
DM7830 line driver circuits with a worse case 1% Duty Cycle 
in no. 22 AWG stranded wire cables. In a single twisted pair 
cable there is less reactance than in a cable having nine 
twisted pairs and in turn this cable has less reactance than 
shielded pairs. The line length is reduced in proportion to 
the increased line attenuation which is proportional to the 
line reactance. The plot shows that the reactance and at- 
tenuation has a significant effect on the cable length. Abso- 
lute Maximum Data Rate is defined as the Data Rate at 
which the output of the line receiver is starting to be degrad- 
ed. The roll off of the performance above 20 mega baud is 
due to the circuit switching response limitation. 
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FIGURE 18. Data Rate vs Cable Type 
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FIGURE 21. Data Rate vs Distortion 
of LM75452, DM7400 
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Figure 19 shows the reduction in Data Rate caused by Duty 
Cycle. It can be observed that the Absolute Maximum Duty 
Rate of % Duty Cycle is less than 1% Duty Cycle. The follow- 
ing performance curves will use 1% Duty Cycle since it is the 
worst case. 


Absolute Maximum Duty Rate versus the Line Termination 
Resistance for two different lengths of cable is shown in 
Figure 20. \t can be seen from the figure that the termination 
doesn't have to be perfect in the case of balanced circuits. 
It is better to have a termination resistor to minimize the 
extra transient signal reflecting between the ends of the 
line. The reason the Data Rate increases with increased 
Termination Resistance is that there is less IR drop in the 
cable. 


The graphs in Figure 21 show the Data Rate versus the Line 
Length for various percentages of timing distortion using the 
unbalanced LM75452 and DM7400 circuits shown in Figure 
77. The definition of Timing Distortion is the percentage dif- 
ference in the pulse width of the data sent versus the data 
received. 
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FIGURE 22. Data Rate vs Distortion of DM7820A, 
DM7830 


Data Rate versus the Line Length for various percentage of 
timing distortion using the balanced DM7820A and DM7830 
circuit is shown in Figure 22. The distortion of this method is 
improved over the unbalanced method, as was previously 
theorized. 


The Absolute Maximum Data Rate versus Line Lengths 
shown in the previous two figures didn’t include any induced 
signal noise. Figure 23 shows the test configuration of the 
unbalanced circuits which was used to measure near end 
cross talk noise. In this configuration there are eight line 
drivers and one receiver at one end of the cable. The per- 
formance of the receiver measured in the presence of the 
driver noise is shown in Figure 24. 


Figure 24 shows the Absolute Maximum Duty Rate of the 
unbalanced method versus line length and versus the num- 
ber of line drivers corresponding to the test configuration 
delineated in Figure 23. In the noise measurement set-up 
there was a ground return for each signal wire. If there is 
only one ground return in the cable the performance is 
worse. The graph shows that the effective line length is 


drastically reduced as additional Near End Drivers are add- 
ed. When this performance is compounded by timing distor- 
tion the performance is further reduced. 
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FIGURE 23. Signal Cross Talk Experiment Using 
DM75452, DM7400 
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FIGURE 24. Data Rate vs Signal Cross Talk of LM75452, 
DM7400 


Figure 25 shows the test configuration of the balanced cir- 
cuit used to generate worst case Near End cross talk noise 
similar to the unbalance performance shown in the previous 
figure. Unlike the unbalanced case, there was no measur- 
able degradation of the circuits Data Rate or distortion. 





1-328 


NEAR ENO 
RECEIVER 


1/8 DUTY CYCLE 


CABLE WITH 
NINE TWISTEO PAIR 


8 NEAR END GENERATORS 


TL/F/8826-23 
FIGURE 25. Signal Cross Talk Experiment Using 
DS7830, DS7820A 


CONCLUSION 


National has a full line of both Balanced and Unbalanced 
Line Drivers and Receivers. Both circuit types work well 


when used within their limitation. This application note 
shows that the balanced method is preferable for long lines 
in noisy electrical environments. On the other hand the un- 
balanced circuit works perfectly well with shorter lines and 
reduced data rates. 
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The data in this note was plotted versus Baud Rate. The 
minimum unit interval reflected the worse case conditions 
and also normalized the diagrams so that the diagrams 
were independent of duty cycle. If the duty cycle is 50% 
then the Baud Rate is twice the Bit Rate. 
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Transmission Line Drivers 
and Receivers for 

EIA Standards RS-422 
and RS-423 


With the advent of the microprocessor, logic designs have 
become both sophisticated and modular in concept. Fre- 
quently the modules making up the system are very closely 
coupled on a single printed circuit board or cardfile. In a 
majority of these cases a standard bus transceiver will be 
adequate. However because of the distributed intelligence 
ability of the microprocessor, it is becoming common prac- 
tice for the peripheral circuits to be physically separated 
from the host processor with data communications being 
handled over cables (e.g. plant environmental control or se- 
curity system). And often these cables are measured in hun- 
dreds or thousands of feet as opposed to inches on a back- 
plane. At this point the component wavelengths of the digi- 
tal signals may become shorter than the electrical length of 
the cable and consequently must be treated as transmission 
lines. Further, these signals are exposed to electrical noise 
sources which may require greater noise immunity than the 
single chassis system. 


It is the object of this application note to underscore the 
more important design requirements for balanced and un- 
balanced transmission lines, and to show that National's 
DS1691 driver and DS78LS120 receiver meet or exceed all 
of those requirements. 


THE REQUIREMENTS 


The requirements for transmission lines and noise immunity 
have been adequately recognized by National Semiconduc- 
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Application Note 214 
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tor’s application note AN-108 and EIA standards RS-422 

(balanced) and RS-423 (unbalanced). A summary review of 

these notes will show that the controlling factors in a volt- 

age digital interface are: 

1) The cable length 

2) The modulation rate 

3) The characteristic of the interconnection cable 

4) The rise time of the signal 

RS-422 and RS-423 contain several useful guidelines rela- 

tive to the choice of balanced circuits versus unbalanced 

circuits. Figures 1a and 7b are the digital interface for bal- 
anced (7a) and unbalanced (70) circuits. 

Even though the unbalanced interface circuit is intended for 

use at lower modulation rates than the balanced circuit, its 

use is not recommended where the following conditions ex- 
ist: 

1) The interconnecting cable is exposed to noise sources 
which may cause a voltage sufficient to indicate a change 
of binary state at the load. 

2) It is necessary to minimize interference with other sig- 
nals, such as data versus clock. 

3) The interconnecting cable is too long electrically for un- 
balanced operation (Figure 2). 
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FIGURE 1a. RS-422 Balanced Digital Interface Circuit 
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FIGURE 1b. RS-423 Unbalanced Digital Interface Circuit 
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CABLE LENGTH 

While there is no maximum cable length specified, guide- 
lines are given with respect to conservative operating dis- 
tances as a function of modulation rate. Figure 2 is a com- 
posite of the guidelines provided by RS-422 and RS-423 for 
data modulation versus cable length. The data is for 24 
AWG twisted pair cable terminated for worst case (due to IR 
drop) in a 1002 load, with rise and fall times equal to or less 
than one half unit interval at the applied modulation rate. 
The maximum cable length between driver and load is a 
function of the baud rate. But it is influenced by: 


1) A maximum common noise range of +7 volts 
A) The amount of common-mode noise 


Difference of driver and receiver ground potential plus 
driver offset voltage and coupled peak random noise. 


B) Ground potential differences between driver and load. 
C) Cable balance 
Differential noise caused by imbalance between the 
signal conductor and the common return (ground) 
2) Cable termination 
At rates above 200 kilobaud or where the rise time is 4 
times the one way propagation delay time of the cable 
(RS-422 Sec 7.1.2) 
3) Tolerable signal distortion 
10k 
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FIGURE 2. Data Modulation Rate vs Cable Length 


MODULATION RATE 

Section 3 of RS-422 and RS-423 states that the unbalanced 
voltage interface will normally be utilized on data, timing or 
control circuits where the modulation rate on these circuits 
is below 100 kilobauds, and balanced voltage digital inter- 
face on circuits up to 10 megabauds. The voltage digital 


eae 


interface devices meeting the electrical characteristics of 
this standard need not meet the entire modulation range 
specified. They may be designed to operate over narrower 
ranges to more economically satisfy specific applications, 
particularly at the lower modulation rates. 


As pointed out in AN-108, the duty cycle of the transmitted 
signal contributes to the distortion. The effect is the result of 
rise time. Due to delay and attenuation caused by the cable, 
it is possible due to AC averaging of the signal, to be unable 
to reach one binary level before it is changed to another. If 
the duty cycle is % (50%) and the receiver threshold is 
midway between logic levels, the distortion is small. Howev- 
er if the duty cycle were 1% (12.5%) the signal would be 
considerably distorted. 


CHARACTERISTICS 


Driver Unbalanced (RS-423) 


The unbalanced driver characteristics as specified by 
RS-423 Sec 4.1 are as follows: 


1) A driver circuit should be a low impedance (502 or less) 
unbalanced voltage source that will produce a voltage 
applied to the interconnecting cable in the range of 4V to 
6V. 


2) With a test load of 4509 connected between the driver 
output terminal and the driver circuit ground, the magni- 
tude of the voltage (VT) measured between the driver 
output and the driver circuit ground shall not be less than 
90% of the magnitude for either binary state. 


3) During transitions of the driver output between alternating 
binary states, the signal measured across a 4502 test 
load connected between the driver output and circuit 
ground should be such that the voltage monotonically 
changes between 0.1 and 0.9 of Vsg. Thereafter, the sig- 
nal shall not vary more than 10% of Vss from the steady 
state value, until the next binary transition occurs, and at 
no time shall the instantaneous magnitude of VT and VT 
exceed 6V, nor be less than 4V. Vgg is defined as the 
voltage difference between the 2 steady state values of 
the driver output. 


Driver Balanced (RS-422) 


The balanced driver characteristics as specified by RS-422 

Sec 4.1 are as follows: 

1) A driver circuit should result in a low impedance (1002 or 
less) balanced voltage source that will produce a differ- 
ential voltage applied to the interconnecting cable in the 
range of 2V to 6V. 
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FIGURE 3a. Definition of Baud Rate 
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FIGURE 3b. Signal Distortion Due to Duty Cycle 
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Vss = Difference in steady state voltages 


FIGURE 4. Unbalanced Driver Output Signal Waveform 


2) With a test load of 2 resistors, 509 each, connected in 
series between the driver output terminals, the magnitude 
of the differential voltage (VT) measured between the 2 
output terminals shall not be less than either 2.0V or 50% 
of the magnitude of Vo, whichever is greater. For the 
opposite binary state the polarity of VT shall be reversed 
(VT). The magnitude of the difference in the magnitude of 
VT and VT shail be less than 0.4V. The magnitude of the 
driver offset voltage (Vos) measured between the center 
point of the test load and driver circuit ground shall not be 
greater than 3.0V. The magnitude of the difference in the 
magnitude of Vog for one binary state and Vog for the 
opposing binary state shall be less than 0.4V. 


3) During transitions of the driver output between alternating 
binary states, the differential signal measured across a 
1002 test load connected between the driver output ter- 
minals shall be such that the voltage monotonically 
changes between 0.1 and 0.9 of Vsg within 0.1 of the unit 
interval or 20 ns, whichever is greater. Thereafter the sig- 
nal voltage shall not vary more than 10% of Vsg from the 
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steady state value, until the next binary transition occurs, 
and at no time shall the instantaneous magnitude of VT or 
VT exceed 6V, nor less than 2V. 


Interconnecting Cable 


The characteristics of the interconnecting cable should re- 
sult in a transmission line with a characteristic impedance in 
the general range of 100 to frequencies greater than 
100 kHz, and a DC series loop resistance not exceeding 
2402. The cable may be composed of twisted or untwisted 
pair (flat cable) possessing the characteristics specified in 
RS-422 Sec 4.3 as follows: 


1) Conductor size of the 2 wires shall be 24 AWG or larger 
with wire resistance not to exceed 30N per 1000 feet per 
conductor. 

2) Mutual pair capacitance between 1 wire in the pair to the 
other shall not exceed 20 pF per foot. 

3) Stray capacitance between 1 wire in the pair with all other 
wires connected to ground, shall not exceed 40 pF per 
foot. 
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ty = Time duration of the unit interval at the applicable modulation rate. 
ty < 0.1 tp when tp 2 200 ns 

ty $ 20 ns when tp < 200 ns 

Vss .= Difference in steady state voltages 

Vss = |Vt - Vil 


FIGURE 5. Balanced Driver Output Signal Waveform 


Recelver 


The load characteristics are identical for both balanced (RS- 
422) and unbalanced (RS-423) circuits. Each consists of a 
receiver and optional termination resistance as shown in 
Figure 1. The electrical characteristics single receiver with- 
out termination or optional fail-safe provisions are specified 
in RS-422/423 Sec 4.2 as follows: 


1) Over an entire common-mode voltage range of —7V to 
+7V, the receiver shall not require a differential input 
voltage of more than 200 mV to correctly assume the 
intended binary state. The common-mode voltage (Vom) 
is defined as the algebraic mean of the 2 voltages ap- 
pearing at the receiver input terminals with respect to the 
receiver circuit ground. Reversing the polarity of VT shall 
cause the receiver to assume the opposite binary state. 
This allows for operations where there are ground differ- 
ences caused by IR drop and noise of up to +7V. 


2) To maintain correct operation for differential input signal 
voltages ranging between 200 mV and 6V in magnitude. 


3) The maximum voltage present between either receiver 
input terminal and receiver circuit ground shall not ex- 
ceed 10V (3V signal plus 7V common-mode) in magni- 
tude nor cause the receiver to operationally fail. Addition- 
ally, the receiver shall tolerate a maximum differential sig- 
nal of 12V applied across its input terminals without being 
damaged. 

4) The total load including up to 10 receivers shall not have 
a resistance greater than 902 for balanced, and 4002 for 
unbalanced at its input points and shall not require a dif- 
ferential input voltage of greater than 200 mV for all re- 
ceivers to assume the correct binary state. 


5) Fail-safe operation per RS-423 Sec 4.2.5 states that oth- 
er standards and specifications using the electrical char- 
acteristics of the unbalanced interface circuit may require 
that specific interchange leads be made fail-safe to cer- 
tain fault conditions. Where fail-safe operation is required 
by such referencing standards and specifications, provi- 
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FIGURE 6. Recelver Input Sensitivity Measurement 
Note: Designers of terminating hardware should be aware that slow signal 
transitions with superimposed nolse present may give rise to Instabili- 
ty or oscillations In the receiving device, and therefore appropriate 
techniques should be implemented to prevent such behavior, For ex- 
ample, adequate hysteresis and response control may be incorporat- 
ed into the receiver to prevent such conditions. 
sions shall be incorporated in the load to provide a steady 
binary condition (either 1” or ‘‘0'’) to protect against cer- 
tain fault conditions (open or shorted cable). 


The designer should be aware that in circuits employing 
pull-up resistors, the resistors used become part of the 
termination. 


SIGNAL RISE TIME 


The signal rise time is a high frequency component which 
causes interference (near end cross-talk) to be coupled to 
adjacent channels in the interconnecting cable. The near- 
end crosstalk is a function of both rise time and cable 
length, and in considering wave shaping, both should be 
considered. Since in the balanced voltage digital interface 
the output is complementary, there is practically no cross- 
talk coupled and therefore wave shaping is limited to unbal- 
anced circuits. 


Per RS-423 Sec 4.1.6, the rise time of the signal should be 
controlled so that the signal has reached 90% of Vsg be- 
tween 10% and 30% of the unit interval at the maximum 
modulation rate. Below 1 kilobaud the time to reach 90% 
Vsg shall be between 100 ps and 300 ys. If a driver is to 
operate over a range of modulation rates and employ a 
fixed amount of wave shaping which meets the specification 
for the maximum modulation rate of the operating range, the 
wave shaping is considered adequate for all lesser modula- 
tion rates. 

However a major cause of distortion is the effect the trans- 
mission line has on the rise time of the transmitted signal. 
Figure 7 shows the effect of line attenuation and delay to a 
voltage step as it progresses down the cable. The increase 
of the rise time with distance will have a considerable effect 
on the distortion at the receiver. Therefore in fixing the 
amount of wave shaping employed, caution should be taken 
not to use more than the minimum required. 
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FIGURE 7. Signal Rise Time on 
Transmission Line vs Line Length 


DS1691A, DS78LS120 


The Driver 


The DS1691A/DS3691 are-low power Schottky TTL line 
drivers designed to meet the above listed requirements of 
EIA standard RS-422 and RS-423. They feature 4 buffered 
outputs with high source and sink current capability with in- 
ternal short circuit protection. The DS1691/DS3691 employ 
a mode selection pin which allows the circuit to become 
either a pair of balanced drivers (Figure 8) or 4 independent 
unbalanced drivers (Figure 9). When configured for unbal- 
anced operation (Figure 710) a rise time control pin allows 
the use of an external capacitor to control rise time for sup- 


pression of near end cross-talk to adjacent channels in the 
interconnect cable. Figure 71 is the typical rise time vs ex- 
ternal capacitor used for wave shaping. 


The DS3691 configured for RS-422 is connected Vcc = 5V 
Vee = OV, and configured for RS-423 connected Voc = 5V 
Vee = —5V. For applications outside RS-422 conditions 
and for greater cable lengths the DS1691/DS3691 may be 
connected with a Vcc of 5 volts and Veg of —5 volts. This 
will create an output which is symmetrical about ground, 
similar to Mil Standard 188-114. 


When configured as balanced drivers (Figure 8), each of the 
drivers is equipped with an independent TRI-STATE® con- 
trol pin. By use of this pin it is possible to force the driver 
into its high impedance mode for applications using party 
line techniques. ; 

If the common-mode voltage, between driver 1 and all other 
drivers in the circuit, is small then several line drivers (and 
receivers) may be incorporated into the system. However, if 
the common-mode voltage exceeds the TRI-STATE com- 
mon-mode range of any driver, then the signal will become 
attenuated by that driver to the extent the common-mode 
voltage exceeds its common-mode range (see Figure 12, 
top waveform). 


It is important then to select a ‘driver with a common-mode 
range equal to or larger than the common-mode voltage 
requirement of the system. In the case of RS-422 and RS- 
423 the minimum common-mode range would be +7V. The 
DS1692/DS3692 driver is tested to a common-mode range 
of +10V and will operate within the requirements of such a 
system (see Figure 12, bottom waveform). 


5V OV OV 


DISABLE 


DISABLE 
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FIGURE 8. DS3691 Connected for Balanced Mode Operation 
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FIGURE 9. DS3691 Connected for Unbalanced Mode Operation 
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FIGURE 11. DS3691 Rise Time vs External Capacitor 


TL/F/5854-14 
FIGURE 10. Using an External Capacitor 
to Control Rise Time of DS3691 
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TL/F/5854-16 
FIGURE 12. Comparison of Drivers without TRI-STATE Common-Mode Output Range 
(top waveforms) to DS3691 (bottom waveforms) 
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Top View 
FIGURE 13. DS78LS120/DS88LS120 Dual Differential Line Receiver 
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DS78LS120/DS88LS120 


The Receiver 


The DS78LS120/DS88LS120 are high peformance, dual 
differential TTL compatible line receivers which meet or ex- 
ceed the above listed requirements for both balanced and 
unbalanced voltage digital interface. 

The line receiver will discriminate a +200 millivolt input sig- 
nal over a full common-mode range of +10 volts and a 
+300 millivolt signal over a full common-mode range of 
+15 volts. 

The DS78LS120/DS88LS120 include response control for 
applications where controlled rise and fall times and/or high 


RESPONSE 
CONTROL 
NODE 


OUTPUT | 


TL/F/5854-18 


frequency noise rejection are desirable. Switching noise 
which may occur on the input signal can be eliminated by 
the 50 mV (referred to input) of hysteresis built into the out- 
put gate (Figure 14). The DS78LS120/DS88LS120 makes 
use of a response control pin for the addition of an external 
capacitor, which will not affect the line termination imped- 
ance of the interconnect cable. Noise pulse width rejection 
versus the value of the response control capacitor is shown 
in Figure 15. The combination of the filter followed by hys- 
teresis will optimize performance in a worst case noise envi- 
ronment. The DS78C120/DS88C120 is identical in perform- 
ance to the DS78LS120/DS88LS120, except it’s compati- 
ble with CMOS logic gates. 


DS88LS120 
INPUT 


RESPONSE 
PIN 
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FIGURE 14. Application of DS88LS120 Receiver Response Control and Hysteresis 
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FIGURE 15. Noise Pulse Width vs Response Control Capacitor 
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FAIL-SAFE OPERATION 


Communication systems require elements of a system to 
detect the loss of signals in the transmission lines. And it is 
desirable to have the system shut-down in a fail-safe mode 
if the transmission line is open or short. To facilitate the 
detection of input opens or shorts, the DS78LS120/ 
DS88LS120 incorporates an input threshold voltage offset. 
This feature will force the line receiver to a specific logic 
state if presence of either fault condition exists. 


The receiver input threshold is +200 mV and an input signal 
greater than +200 mV insures the receiver will be in a spe- 
cific logic state. When the offset contro! input is connected 
toa Vcc = 5V, the input thresholds are offset from 200 mV 
to 700 mV, referred to the non-inverting input, or —200 mV 
to —700 mV, referred to the inverting input. Therefore, if 


DRIVER 083691 


(OFFSET CONTROL 
INPUT OPEN) 


wi 
o 
x 
- 
— 
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0 
INPUT VOLTAGE 
TL/F/5854-23 


the input is open or short, the input will remain in a specific 
state (see Figure 76). 

It is recommended that the receiver be terminated in 5002 
or less to insure it will detect an open circuit in the presence 
of noise. 

For unbalanced operation, the receiver would be in an inde- 
terminate logic state if the offset control input was open. 
Connecting the offset to + 5V, offsets the receiver thresh- 
old 0.45V. The output is forced to a logic zero state if the 
input is open or short. 

For balanced operation with inputs short or open, receiver C 
will be in an indeterminate fogic state. Receivers A and B 
will be in a logic zero state allowing the NOR gate to detect 
the short or open fault condition. The “strobe” input will 
disable the A and B receivers and therefore may be used to 
“sample” the fail-safe detector (see Figure 17). 


1/2 OS88LS120 
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(OFFSET CONTROL 
INPUT = 5V) 


OUTPUT VOLTAGE 
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FIGURE 16. Fail-Safe Using the DS88LS120 Threshold Offset for Unbalanced Lines 
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FIGURE 17. Fail-Safe Using the DS88LS120 Threshold Offset for Balanced Lines 


The balanced or differential scheme of data transmission is preferred for applica- 
tions incorporating high data rates and long transmission lines in the presence of 
high common-mode noise. Induced signals appear as common-mode levels and 
are rejected by the differential line receiver. 


CABLE LENGTH (FT) 


FIGURE 18. EIA RS-422 Cable Length vs Data Rate Curve 


Line length is a function of data rate (baud) and slew rate. The recommended 
safe operating area (line length vs baud rate) is shown below for 24 AWG wire. It 
assumes that a differential line receiver is used which is referenced at the driver 
ground. Also, it assumes that the driver slew rate is between 0.1 to 0.3 times the 
reciprocal of the baud rate (minimum unit interval). Otherwise, line lengths greater 
than 50 feet are not recommended. The exception to line length is the 360 I/O 
coaxial interface. The coaxial provides improved grounding and eliminates cross- 
talk. fet 


LINE LENGTH (FT) 


FIGURE 19. EIA RS-423 Cable Length vs Data Rate Curve 
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Summary of Electrical 
Characteristics of Some 
Well Known Digital 
Interface Standards 


FOREWORD 


Not the least of the problems associated with the design or 
use of data processing equipment Is the problem of provid- 
ing for or, actually interconnecting the differing types and 
models of equipment to form specific processing systems. 
The magnitude of the problem becomes apparent when one 
realizes that every aspect of the electrical, mechanical and 
architectural format must be specified. The most common 
of the basic decisions confronting the engineer include: 
&@ Type of logic (negative or positive) 
@ Threshold levels 
m# Noise immunity 
m Form of transmission 

¢ Balanced/unbalanced, terminated/unterminated 

¢ Unidirectional/bidirectional, simplex/multiplexed 
u@ Type of transmission line 
m@ Connector type and pin out 
a Bit or byte oriented 
@ Baud rate 


If each make and/or model of equipment presented a 
unique interface at its |/O ports, “interface” engineering 
would become a major expenditure associated with the use 
of data processing equipment. 


Fortunately, this is not the case as various interested or 
cognizant groups have analyzed specific recurring interface 
areas and recommended “official” standards around which 
common !/O ports could be structured. Also, the I/O speci- 
fications of some equipment with widespread popularity 
euch as the IBM 360/370 computer and DEC minicomputer 


National Semiconductor 
Application Note 216 
Don Tarver 


have become “‘defacto” standards because of the desire to 
provide/use equipment which interconnect to them. 


Compliance with either the “official” or defacto” standards 
on the part of equipment manufacturers is voluntary. How- 
ever, it is obvious that much can be gained and little lost by 
providing equipment that offers either the “official” or ‘‘de- 
facto” standard 1/O ports. 


As can be imagined, the entire subject of interface in data 
processing systems is complicated and confusing, particu- 
larly to those not intimately involved in the day-to-day as- 
pects of interface engineering or management. However, at 
the component level the questions simplify to knowing what 
standards apply and what circuits or components are avail- 
able to meet the standards. 


This application note summarizes the important electrical 
characteristics of the most commonly accepted interface 
standards and offers recommendations on how to use Na- 
tional Semiconductor integrated circuits to meet those stan- 
dards. 


1.0 INTRODUCTION 


The interface standards covered in this application note are 
listed in Table |. The body of the text expands upon the 
scope and application of each listed standard and summa- 
rizes important electrical parameters. 


Table I! summarizes the National Semiconductor IC's appli- 
cable to each standard. 


TABLE I. Common Line Driver/Recelver Interface Standards Summary 


Interface Area 


Data Communications 
Equipment (DCE*) 

to Data Terminal 
Equipment (DTE) 


U.S.A. Industrial 


International 


CCITT No. 97 X. 26 
CCITT No. 97 X. 27 


U.S.A. Military 


MIL-STD-1397 
(NTDS-Slow) 
MIL-STD-1397 
(NTDS-Fast) 


U.S. Government, {| FED-STD-1020 GSA 
Non-Military FED-STD-1030 GSA 


Application Standard | Origin Ss 


CCITT Vol. VIIIV. 24 


MIL-STD-188C - 
MIL-STD-188-114 


Comments 


Unbalanced, Short Lines 
Balanced, Long Lines 
Unbalanced, 
RS-232 Up-Grade 
System Standard Covering 
Use of RS-422, RS-423 
Balanced, 
Long Line Multipoint 

. Similar to RS-232 — 
Similar to RS-423 
Similar to RS-422 


International Tele- 
phone and Telegraph 
Consultative 
Committee 


Unbalanced, Short Lines 
Similar to RS-422, RS-423 
42k bits/sec. 


250k bits/sec 


Identical to RS-423 
Identical to RS-422 
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TABLE |. Common Line Driver/Receiver Interface Standards Summary (Continued) 


Interface Area 


Computer to Peripheral 


Instrument to Computer 


Application | __—Standard | Origin 


IBM 360/370 System 360/370 
Channel I/O 
DEC Unibus® 


CAMAC 


DEC 
NIM (AEC) 


DEC Mini-Computer 


Nuclear Instrumentation 


Microprocessor to 
Interface Devices 


Automatic Calling 
Equipment to DTE 


Numerically Controlled 


Equipment to OTE 


Laboratory Instrumentation 





(IEEE Std. 583-1975) 


488 IEEE 


Microprocessor Circuits Microbus™ National 
ee| 


Facsimile Equipment to DTE RS-357 


Impulse Dialing and 
Multi-Tone Keying 


* Changed to “Data Circuit-Terminating Equipment” 


Comments 


Unbalanced Bus 


Unbalanced Bus 
DTL/TTL Logic Levels 


Unbalanced Bus 


Short Line; 8-Bit Parallel, 


Digital Transmission 
| EIA | Incorporates RS-232 
Incorporates RS-232 


Numerically Controlled RS-408 Short Lines (<4 Ft.) 
Equipment 


TABLE II. LIne Driver/Recelver Integrated Circult Selection Gulde for Digital Interface Standards 


Standard 
Designation 


RS-232C 


RS-357 
RS-366 
RS-408 


RS-422 


RS-449 


RS-485 
Transceivers 


IEEE 488 


CAMAC 


IBM 360/370 
1/0 Port 


Line Driver 


Part Number 


o°c to + 70°C — 55°C to + 125°C 0° to + 70°C 


U.S. INDUSTRIAL STANDARDS 


DS1488 Not Applicable DS1489 (A) 
=o 50 Not eo a 54 


| SeeRS-2326 | RS-232C 


See RS.2920 —— 


DS75453 DS55454 DS7820A 
DS75454 DS55454 DS75115 


DS3691 
DS26LS31C 
DS3487 


DS3691 
DS3692 


DS1691A 
DS26LS31M 
DS3587 


DS1691A 
DS1692 


DS88LS120 
DS26LS32C 
DS3486 
DS26LS33C 
DS88C20 
DS88C0120 


DS88LS120 
DS88C20 
DS88C120 


SeoRS-2z.Rs423 | | 


DS3695 
DS3696 
DS3697 
DS3698 
DS75176A 


DS3666 

DS75160A 
DS75161A 
DS75162A 


DS3695 
DS3696 
DS3697 
DS3698 
DS75176A 


DS3666 

DS75160A 
DS75161A 
DS75162A 


See RS-232C, RS-422, RS-423 or IEEE 488 


DS75123 Not Applicable DS75124 Not Applicable 
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Line Recelver 


—55°C to + 125°C 


Not Applicable 
- Not Applicable 


DS7820A 
DS55115 


DS78LS120 
DS26LS32M 


DS26LS33M 
DS78C20 
DS78C120 


'DS78LS120 
DS78C20 
DS78C120 
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TABLE II. Line Driver/Receiver Integrated Circuit Selection Guide for Digital Interface Standards (Continued) 


Standard 
Designation 


DS36147 
DS8641 
Transceiver 


DS3628 
DP8228 
DP8216 
DP8212 
DP8340B 
Transceiver 


GOVERNMENT STANDARDS 
MIL-STD-188C 
MIL-STD-188-114 
FED-STD-1020 
FED-STD-1030 


DS16147 
DS7641 


DEC Unibus® 


DS1628 

DP8228M 
DP8216M 
DP8212M 


Microbus™ 


See RS-422 


MIL-STD-1397 
(NTDS~Slow) 


MIL-STD-1397 
(NTDS-Fast) 


INTERNATIONAL STANDARDS (CCITT) 


1969 White Book 
Vol. Vill, V. 24 


See RS-232C 


Circular No. 97, X. 26 See RS-422 
Circular No. 97, X. 27 See RS-423 


2.0 (DTE) (DCE) 

Data terminal equipment (DTE) to data communications 
equipment (DCE) interface standards 

2.1 Application 


The DTE/DCE standards cover the electrical, mechanical 
and functional interface between or among terminals (i.e., 
teletypewriters, CRT’s etc.) and communications equipment 
(i.e., modems, cryptographics sets, etc.). 


2.2 U.S. Industrial DTE/DCE Standards 


2.2.1 EIA RS-232 


RS-232C is the oldest and most widely known DTE/DCE 
interface standard. Viewed by many as a complete stan- 


| RS232C 


Line Driver 
0°C to +70°C —55°C to + 125°C 0° to + 70°C 


Transceiver 


| psses2 ss |_~—séste92 DS88LS120 
Ds3692 ps1692 DS88LS120 
Seens-423 | 


~ Part Number 
Line Receiver 
—§5°C to + 125°C 


DS7640 
DS7641 
Transceiver 


DS8640 
DS8641 
Transceiver 


DP8304B 
Transceiver 


DS78LS120 | 
DS78LS120 


Use Discrete Components and/or Comparators 


Use Discrete Components and/or Comparators 





dard, it provides for one-way/non-reversible, single ended 
(unbalanced) non terminated line, serial digital data trans- 
mission. Figure 1 shown below illustrates a typical applica- 
tion. See Table III for Specification Summary. 


Important features are: 

* Positive logic (+5V min to + 15V max) 
* Fault protection 

* Slew-rate control 

* 50 feet recommended cable length 

* 20k bits per second data rate 


[————_—— end 
INTERFACE | 


$= 


, ar. 


TL/F/5855-1 


FIGURE 1. EIA RS-232C Application 
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2.2.2 EIA RS-422, RS-423 and RS-485 


In a move to upgrade system capabilities by using state-of- 


the-art devices and technology the EIA in 1975, introduced 
two new specifications covering RS-422 balanced and 
RS-423 unbalanced data transmission. Both of these stan- 
dards offered major advantages over the popular RS-232C 
interface. Understanding the advantages of the balanced 
interface RS-422, the EIA introduced in 1983 the RS-485 
Multipoint Systems standard that eliminates several limita- 
tions of RS-422. 


2.2.2.1 RS-423 

RS-423 closely resembles RS-232C in that, it too specifies a 

one-way/non-reversible, data transmission. Several key ad- 

vantages of the standard include a 100k Baud data rate at 

30 feet and a balanced receiver offering an input voltage 

common mode (VCM) of +7V. As shown in Figure 2 the 

receiver input is referenced to the driver ground permitting 

ground differences between the driver and receiver. See Ta- 

ble IV for Specification Summary. 

Important features are: 

* Positive logic (£4V min to +6V max) 

* Fault protected driver outputs 

* Controlled Slew-rate reduces crosstalk and reflections 

* 30 feet maximum cable length at 100k Baud 

* Differential receiver with +7V VCM and +200 mV sensi- 
tivity 


= 


RS423 


INTERFACE | 


2.2.2.2 RS-422 


RS-422 provides for balanced data tranmission with unidi- 
rectional/non-reversible, terminated or non-terminated 
transmission lines. Several key advantages offered by this 
standard include the differential receiver defined in RS-423, 
a differential driver and data rates as high as 10M Baud at 
40 feet. Figure 3 shows a typical interconnect application. 
See Table V for Specification Summary. 


2.2.2.3 RS-485 


RS-485 standards accommodates the requirements on a 
balanced transmission line used in party-line circuit configu- 
rations. This standard is similar to RS-422 and is considered 
to be an extension permitting multipoint applications where 
multiple drivers and receivers share the same line in data 
transmission. 


Several key characteristics of the standard that differentiate 
it from RS-422 are; the expanded common mode range of 
both the driver and receiver, (VCM range +12 to —7V), and 
characteristics that permit 32 drivers and receivers on the 
line. Figure 4 shows a typical party-line application. Note 
that the transmission line which is intended to be 120 
twisted pair is terminated at both ends. See Table VI for 
Specifications Summary. 


TL/F/5855-2 


FIGURE 2. EIA RS-423 Application 


RS422 


INTERFACE 


aia 
OPTIONAL Gl 
>—> 


TL/F/5855-3 


FIGURE 3. EIA RS-422 Application 


Note: The termination resistor is defined as optional by RS-422. However this termination resistor is highly recommended to reduce the possibility of line reflections 


caused by mis-matched impedance between the cable and the driver. 


O—Driver 
R—Receiver 
T—Transceiver 


TL/F/5855-4 


FIGURE 4. A Typical RS-485 Party-Line Configuration 
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| Min | Typ | 
eis (ear 
ee ae 
| skasAs7ko | 5 |_| 
aes EE ee 
Driver Output Resistance Power Off [ -ev<Vosav | | 
6 
6 
4 | 
Typ 


Driver Output Short-Circuit Current 500 
Driver Output Slew Rate 

All Interchange Circuits 

Control Circuits 

Rate and Timing Circuits 

% of Unit Interval 

Receiver Input Resistance 3V < Vin < 25V 
Receiver Open Circuit Input 
Bias Voltage 
Receiver Input Threshold 

Output = MARK 

Output = SPACE 

TABLE IV. EIA RS-423 Specification Summary 


1 
5 
3 


5 
00 

0 
2 
3 


7000 


Driver Unloaded Output Voltage 


Driver Loaded Output Voltage R_ = 4509 


Driver Output Resistance fF 
Driver Output Short-Circuit Current Vo = OV 


Driver-Output Rise and Fall Time Baud Rate < 1k Baud 
Baud Rate = 1k Baud 


Driver Power OFF Current 
Receiver Sensitivity 
Receiver Common-Mode Range oe toaee ae hl 


Receiver Input Resistance 4000 
Receiver Common-Mode Input 
Offset 


TABLE V. EIA RS-422 Specification Summary 


| Parameter | cematons 


4 
—4 


a 
oO 


| Max | 
| 50 
+150 


| 
25 
ron 


Driver Unloaded Output Voltage 
Driver Loaded Output Voltage Tt = 1002 


Driver Output Resistance Per Output 


Driver Output Short-Circuit Current Oo = OV 
Driver Output Rise Time 
Interval 
cM = 


R 
Driver Power OFF Current —0.25V < Vo < 6V 
Receiver Sensitivity 


Receiver Common-Mode Voltage 
Receiver Input Offset 


Receiver Input Resistance 
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Parameter 


Driver Unloaded Output Voltage ee anaes 


Driver Loaded Output Voltage 


Conditions 


RS-422 


+ = 549, CL = 50 pF 
RS-485 . 


Driver Output Short-Circuit Current 


Driver Common Mode Output Voltage 


Rr = 1002 


Rr = 549, CL = 
Vo = £12V 
V | 


o= —-7V 


fe = oe 
TDitterencein Common Mode Ottset | 
[Receiver Common Node Voltage [ 
[Receiver input Resistance Sd SS 


2.3 International Standards 

2.3.1 CCITT 1969 White Book Vol. Vill, V.24. This standard 

is identical to RS-232C. 

2.3.2 CCITT circular No. 97 Com SPA/13, X. 26. This stan- 

dard is similar to RS-422 with the exception that the receiver 

sensitivity at the specified maximum common-mode voltage 

(+7V) shall be +300 mV vs +200 mV for RS-422. 

2.3.3 CCITT circular No. 97 Com SPA/13, X. 27. This stan- 

dard is similar to RS-423 with 2 exceptions: 

a) The receiver sensitivity is as specified in paragraph X.26, 
and 


MIL-STD-188C 
INTERFACE 


——— 


| 2k 
DATA 
2k ‘ OUT 


|< 


1/4 0S1691 


b) The driver output voltage is specified at a load resistance 
of 3.9 kQ. 


2.4 U.S. Military Standards 


2.4.1 MIL-STD-188C (Low Level) 


The military equivalent to RS-232C is MIL-STD-188C. Devic- 
es intended for RS-232C can be applied to MIL-STD-188C 
by use of external wave shaping components on the. driver 
end and input resistance and threshold tailoring on the re- 
ceiver end. 


1/4 DS78LS120 
TL/F/5855~5 


FIGURE 5. MIL-STD-188C Application 
TABLE VII. MIL-STD-188C Specification Summary 


| 
| Min | typ | Max_| 


Driver OutputVoltage OpenCircuit_ | (Notet) | 7 
ec ere ee le | 
|_DriverOutputResistancePowerON | fours toma | | 10 


Driver Output Short-Circuit Current 


Driver Output Slew Rate 
All Interchange Circuits 
Control Circuits 
Rate and Timing Circuits 


Receiver Input Resistance 

Receiver Input Threshold 
Output = MARK 
Output = SPACE 


Note 1: Ripple <0.5%, Vou, Vo_ matched to within 10% of each other. 


(Note 3) 


MIL-STD-188C 
Low Level Limits 


Mode Rate < 200k Baud 


6 
—100 





Note 2: Waveshaping required on driver output such that the signal rise or fall time is 5% to 15% of the unit interval at the applicable modulation rate. 
Note 3: Balance between marking and spacing (threshold) currents actually required shall be within 10% of each other. 
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TRI-STATE® 


MIL=STD= 188-114 
BALANCED INTERFACE 


ft 


2002 1002 


1/2 DS78LS120 


ae | 


' TL/F/5855-6 


FIGURE 6. MIL-STD-188-114 (Balanced Applications) 


2.4.2 MIL-STD-188-114 Balanced 


This standard is similar to RS-422 with the exception that 
the driver offset voltage level is limited to +0.4V vs +3V 
allowed in RS-422. : 


2.4.3 MIL-STD-188-114 Unbalanced. 


This standard is similar to RS-423 with the exception that 
loaded circuit driver output voltage at RL = 4509 must be 
90% of the open circuit output voltage vs +2V at Rs = 
1002 for RS-422. 


2.4.4 MIL-STD-1397 (Slow and Fast) 


2.5 FED-STD-1020/ 1030 


U.S. Government (non-military) standards FED-STD-1020 
and 1030 are identical without exception to EIA RS-423 and 
RS-422, respectively. 


3.0 COMPUTER TO PERIPHERAL INTERFACE 
STANDARDS 


To date, the only standards dealing with the interface be- 
tween processors and other equipment are the “defacto” 
standards in the form of specifications issued by IBM and 
DEC covering the models 360/370 I/O ports and the Uni- 
bus, respectively. 


3.1 GA-22-6974-0 

IBM specification GA-22-6974-0 covers the electrical char- 
acteristics, the format of information and the control se- 
quences of the data transmitted between 360/370’s and up 
to 10 I/O ports. 


The interface is an unbalanced bus using 952, terminated, 
coax cables. Devices connected to the bus should feature 
short-circuit protection, hysteresis in the receivers, and 
open-emitter drivers. Careful attention should be paid to line 
lengths and quality in order to limit cable noise to less than 
400 mV. 


TABLE Vill. MIL-STD-1397 Specification Summary 


Parameter 
1397 1397 
er aes ae 


Data | DataTransmissionRate | Rate 


Driver Output Voltage SS 1.5 
-—10to —15.5 


Driver Power OFF | Driver Power OFF Impedance _| 





| eee. | Limits 
| eee. | 


k Bits/Sec 


| 3400 


Receiver Input Voltage Fail-Safe ee Circuit 
on: 9 





‘ STROBE 


1/2 0$75124 


TL/F/5855-7 
FIGURE 7. IBM 360/370 I/O Application 


TABLE IX. IBM 360/370 Specification Summary 


Driver Output Voltage lon = 123 mA 
lo = 30 pA 
loH = 59.3 mA 
lo. = —240 pA 


Receiver Input Threshold 

Voltage . 

Receiver Input Current Vin = 3.11V 
Vin = 0.15V 


Receiver Input Voltage Range 
Power ON 


Power OFF 


Power ON —0.15 
Power OFF —0.15 
Receiver Input lmpedance 0.15V < Viy < 3.9V 7400 fp ——slne os - 


| Receiver InputCurent | Vin=o.tsv | | a 
| CABLEImpedance | || tn 


CABLE Termination Pp = 390 mW 100 
Line Length (Specified as 400 
Noise on Signal and Ground Lines) 





. Es Ea ES ES 


TL/F/S855-8 
FIGURE 8. DEC Unibus Application 
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TABLE X. DEC Unibus Specification Summary 


| Parameter | comations | ai Pe 


Driver Output Voltage 


lo. = 50 mA 
Absolute Maximum 


me 
Be xl 


1. 


Receiver Input Current Vin = 4V 


3.2 DEC UNIBUS 


Another example of an unofficial industry standard is the 
interface to a number of DEC minicomputers. This interface, 
configured as a 120M double-terminated data bus is given 
the name Unibus. Devices connected to the bus should fea- 
ture hysteresis in the receivers and open-collector driver 
outputs. Cable noise should be held to less than 600 mV. 


4.0 INSTRUMENTATION TO COMPUTER INTERFACE 
STANDARDS 


4.1 INTRODUCTION 


The problem of linking instrumentation to processors to 
handle real-time test and measurement problems was large- 
ly a custom interface problem. Each combination of instru- 
ments demanded unique interfaces, thus inhibiting the wide 
spread usage of small processors to day-to-day test, mea- 
surement and control applications. 


Two groups addressed the problem for specific environ- 
ments. The results are: 


a) IEEE 488 bus standard based upon proposals made by 
HP, and 


b) The CAMAC system pioneered by the nuclear physics 
community. 


4.2 IEEE 488 


IEEE 488 covers the functional, mechanical and electrical 
interface between laboratory instrumentation (i.e., signal 
generators, DPM’s, counters, etc.) and processors such as 
programmable calculators and minicomputers. Equipment 
with IEEE 488 I/O ports can be readily daisy chained in any 
combination of up to 15 equipments (including processor) 
spanning distances of up to 60 feet. 16 lines (3 handshake, 
5 control and 8 data lines) are required. 


TABLE XI. IEEE 488 Specification Summary 


Symbol Parameter 


Driver Output Current 
TRI-STATE® 
Open Collector 


Receiver Input Voltage 0.4V Hysteresis Recommended 


Vin = 2.4V 
Vin = 0.4V 


Receiver Input Current 


Receiver Clamp Current Vin = —1.5V 


Vin = 4V Power OFF 


Driver Output Voltage lon = —5.2mA 
lo. = 48mA 





100 . 

100 
4.3 CAMAC 
The CAMAC system is the result of efforts by those in the 
nuclear physics community to standardize the interface be- 
tween laboratory instruments and computers before the in- 
troduction of IEEE 488. 
It allows either serial or parallel interconnection of instru- 
ments via a “‘crate” controller. 
The electrical requirements of the interfaces are compatible 
with DTL and TTL logic levels. 


5.0 MICROPROCESSOR SYSTEMS INTERFACE 
STANDARDS ae 


5.1 Microprocessor Systems 

Microprocessor systems are bus organized systems with 

two types of bus requirements: 

a) Minimal system: for data transfer over short distances 
(usually on 1 PC board), and, é 

b) Expanded system: for data transfer to extend the memo- 
ry or computational capabilities of the system. 


5.2 Minimal Systems and Microbus 

Microbus considers the interface between MOS/LSI micro- 
processors and interfacing devices in close physical proxim- 
ity which communicate over 8-bit. parallel unified bus sys- 
tems. It specifies both the functional and electrical charac- 
teristics of the interface and is modeled after the 8060, 8080 
and 8090 families of microprocessors as shown in Figures 
70, 117 and 12, 

The electrical characteristics of Microbus are shown in Ta- 
ble XII. 


Led 
4 


Termination Resistor Voc = 5V (45%) 2850 
V = Gnd 5890 
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TABLE XII. Microbus Electrical i Summary 


| Receiver 
Parameter 
Standard Hysteresis 
(Recommended) 
Output Voltage (At 1.6 mA) Wig ies Sh 


(At — 100 pA) 
Input Voltage 


internal Capaciiveloadatasc | 16 | to | to 
Rise Time (Maximum) ae ae ene 
Fall Time (Maximum ee ee 


He Ir 16 LINES 


DEFINED: 





5V 
3k 
ines ND ouT 
6.2k 
< 15 PORTS 
== GND 


MICROBUS 


CHIP SELECT 
LOGIC 


TL/F/5855-10 
FIGURE 10. 8060 SC/MP II System Moldel 
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MICROBUS 


CHIP SELECT 
LOGIC 


INS8080A 


TL/F/5855-11 
FIGURE 11. 8080 System Model for the Basic Microbus 
Interface 


5.3 Expanded Microprocessor System Interfaces 


Since the outputs of most microprocessor devices are limit- 
ed to a loading of one relative to a TTL load, expanded 
system will require buffers on both their address and data 
lines. 


To date, no formal standards exist which govern this inter- 
face. However, “defacto” standards are emerging in the 
form of the specifications for “recommended devices” 
which are mentioned in the data sheets and application 
notes for the widely sourced microprocessor devices. Here, 
the answer to the question of how to provide a “standard” 
interface is simplified to that of proper usage of recom- 
mended devices. 

Table XIII summarizes the important electrical characteris- 
tics of recommended bus drivers for expanded microproc- 
essor systems. 


MICROBUS . 


CHIP SELECT 
LOGIC 
CLOCK 
GENERATOR 
(MM74C04) 


ADDRESS 


LATCH 
(2, DP8212's) 


TL/F/5855~12 
FIGURE 12. 8900 System Model 


6.0 OTHER INTERFACE STANDARDS 

Some other commonly occurring interfaces which have be- 

come standardized are: 

a) Interface between facsimile terminals and voice frequen- 
cy communication terminals, 

b) Interface between terminals and automatic calling equip- 
ment used for data communications, and 

c) Interface between numerically controlled equipment and 
data terminals. 


TABLE XIill. Recommended Specification of Bus Drivers for Expanded Microprocessor Systems 


Driver Output Voltage 


Short-Circuit Current 
Bus Drive Capability 


lon = —10mA 
lo. = 48 mA 


Voc = 5.25V 





6.1 EIA RS-357 6.2 EIA RS-366 


RS-357 defines the electrical, functional and mechanical RS-366 defines the electrical, functional and mechanical 
characteristics of the interface between analog facsimile characteristics of the interface between automatic calling 
equipment to be used for telephone data transmission and equipment for data communications and data terminal 
the data sets used for controlling/transmitting the data. equipment. 


Figure 13 summarizes the functional and electrical charac- The electrical characteristics are encompassed by RS- 
teristics of RS-357. 232C. 


9L2-NV 
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FIGURE 13. Functional and Electrical Characteristics RS-357 
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6.3 EIA RS-408 
RS-408 recommends the standardization of the 2 interfaces 
shown in Figure 14. 


The electrical characteristics of NCE to DTE interface are, 
in summary, those of conventional TTL drivers (series 7400) 
with: 


VoL < 0.4V at lo, = 48 mA 
VoH 2 2.4V at lon < —1.2 mA, and 
Cy. < 2000 pF. 
Short circuit protection should be provided. 


DATA 
COMMUNICATIONS 
EQUIPMENT 


ee INTERFACE DEFINED BY RS-232C 


DATA 
TERMINAL 
EQUIPMENT (DTE) 


TYPICALLY == INTERFACE DEFINED BY THIS STANDARD 


<40 FEET 


NUMERICAL CONTROL 
EQUIPMENT (NCE) 


CONTROLLED 
EQUIPMENT 


SWITCHED OR DEDICATED, 
COMMON CARRIER, OR 
PRIVATE LINE TO DATA 
SOURCE/SINK 


(TYPICALLY A MODEM 
IF INCLUDED IN 
SYSTEM) 


(TYPICALLY INCLUDES 
SERIAL TO PARALLEL 
CONVERTER, ETC.) 


(TYPICALLY COULD 
INCLUDE A SWITCH TO 
SELECT EITHER LOCAL 
TAPE READER OR DATA 
TERMINAL EQUIPMENT) 


(TYPICALLY A MACHINE 
TOOL, ORAFTING TABLE, 
ETC.) 


TL/F/5855- 14 


FIGURE 14. EIA RS-408 Interface Applications 
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Transceivers and 
Repeaters Meeting the EIA 
RS-485 Interface Standard 


INTRODUCTION 


The Electronics Industries Association (EIA), in 1983, ap- 
proved a new balanced transmission standard called RS- 
485. The EIA RS-485 standard addresses the problem of 
data transmission, where a balanced transmission line is 
used in a party-line configuration. It is similar in many re- 
spects to the popular EIA RS-422 standard; in fact RS-485 
may be considered the outcome of expanding the scope of 
RS-422 to allow multipoint—multiple drivers and receivers 
sharing the same line—data transmission. The RS-485 
standard, like the RS-422 standard, specifies only the elec- 
trical characteristics of the driver and the receiver to be 
used at the line interface; it does not specify or recommend 
any protocol. The protocol is left to the user. 


The EIA RS-485 standard has found widespread accept- 
ance and usage since its ratification. Users are now able to 
configure inexpensive local area networks and multi-drop 
communication links using twisted pair wire and the protocol 
of their choice. They also have the flexibility to match cable 
quality, signalling rate and distance to the specific applica- 
tion and thus obtain the best tradeoff between cost and 
performance. The acceptance of the RS-485 standard is 
also reflected by the fact that other standards refer to it 
when specifying multipoint data links. The ANSI (American 
National Standards Institute) standards IPI (Intelligent Pe- 
ripheral Interface) and SCSI (Small Computer Systems In- 
terface) have used the RS-485 standard as the basis for 
their voltage mode differential interface class. The IPI stan- 
dard specifies the interface between disc drive controllers 
and host adapters and requires a data rate of 2.5 megabaud 
over a 50 meters NRZ data link. The SCSI] standard speci- 


D—Driver 
R—Receiver 
T—Transceiver 


National Semiconductor 
Application Note 409 
Sivakumar Sivasothy 


fies the interface between personal computers, disc drives 
and printers at data rates up to a maximum of 4 megabaud 
over 25 meters. 


It is not possible to use standard gate structures and meet 
the requirements of RS-485. The modifications necessary to 
comply with the DC requirements of the standard, tend to 
exact a heavy toll on speed and other AC characteristics 
like skew. However, it is possible to vastly improve the ac 
performance by employing special design techniques. The 
DS3695 family of chips made by National Semiconductor 
meets all the requirements of EIA RS-485, and still provides 
ac performance comparable with most existing RS-422 de- 
vices. The chip set consists of four devices; they are the 
DS3695/DS3696 transceivers and the DS3697/DS3698 re- 
peaters. National’s RS-485 devices incorporate several fea- 
tures in addition to those specified by the RS-485 standard. 
These features provide greater versatility, easier use and 
much superior performance. This article discusses the re- 
quirements of a multi-point system, and the way in which 
RS-485 addresses these requirements. It also explains the 
characteristics necessary and desirable in the multi-point 
drivers and receivers, so that these may provide high per- 
formance and comply with generally accepted precepts of 
data transmission practice. 


WHY RS-485? 


Until the introduction of the RS-485 standard, the RS-422 
standard was the most widely accepted interface standard 
for balanced data transmission. The RS-422 drivers and re- 


TO 
a ADDITIONAL 


S RECEIVERS 
(IF ANY) 


TL/F/8579-1 


TL/F/8579-2 


FIGURE 1b. A Typical RS-485 Party-Line Configuration 





1-353 


60P-NV 





AN-409 


ceivers were intended for use in the configuration shown in 
Figure 1a. The driver is at one end of the line; the termina- 
tion resistor (equal to 1002) and up to 10 receivers reside at 
the other end of the line. This approach works well in sim- 
plex (unidirectional) data transmission applications, but cre- 
ates problems when data has to be transmitted back and 
forth between several pieces of equipment. If several Data 
Terminal Equipments (DTEs) have to communicate with one 
another over long distances using RS-422 links, two such 
balanced lines have to be established between each pair of 
DTEs. The hardware cost associated with such a solution 
would normally be unacceptable. 


A party line is the most economical solution to the above 
problem. RS-422 hardware could conceivably be used to 
implement a party line if the driver is provided with 
TRI-STATE® capability, but such an implementation would 
be subjected to severe restrictions because of inadequacies 
in the electrical characteristics of the driver. The biggest 
problem is caused by ground voltage differences. The com- 
mon mode voltage on a balanced line is established by the 
enabled driver. The common mode voltage at the receiver is 
the sum of the driver offset voltage and the ground voltage 
difference between the driver and the receiver. In simplex 
systems only the receiver need have a wide common mode 
range. Receiver designs that provide a wide common mode 
range are fairly straightforward. In a party-line network sev- 
eral hundred feet long, in which each piece of equipment is 
earthed at a local ac outlet, the ground voltage difference 
between two DTEs could be as much as a few volts. In such 
a case both the receiver and the driver must have a wide 
common mode range. Most RS-422 drivers are not de- 
signed to remain in the high impedance state over a wide 
enough common mode range, to make them immune to 


even small ground drops. 


Classical line drivers are vulnerable to ground drops be- 
cause of their output stage designs. A typical output stage is 
shown in Figure 2a. Two such stages driven by complemen- 
tary input signals, may be used to provide the complementa- 
ry outputs of a differential line driver. Transistors Q1 and Q4 
form a Darlington pull up for the totem pole output stage; Q2 
is the pull down transistor. The phase splitter Q3 switches 
current between the upper and lower transistors to obtain 
the desired output state. DSUB is the diode formed by the 
collector of Q2 and the grounded substrate of the integrated 
circuit. The output in Figure 2a can be put into the high 
impedance state by pulling down the bases of transistors 
Q3 and Q4. Unfortunately, the high impedance state cannot 
be maintained if the output is pulled above the power supply 
voltage or below ground voltage. In party-line applications, 
where ground voltage differences of a few volts will be com- 
mon, it is essential that the drivers be able to hold the high 
impedance state while their outputs are taken above Vcc 
and below ground. 
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The output in Figure 2a can be taken high until the emitter- 
base junction of Q1 breaks down. Thereafter, the output will 
be clamped to a zener voltage plus a base-collector diode 
voltage above Vcc; Vcc could be zero if the device is pow- 
ered off. If the output is taken below ground, it will cause the 
substrate diode, DSUB, associated with Q2 to turn on and 
clamp the output voltage at a diode drop below ground. If a 
disabled driver turns on and clamps the line, the signal put 
out by the active driver will get clipped and distorted. It is 
also possible for ground drops to cause dangerously large 
substrate currents to flow and damage the devices as illus- 
trated in Figure 2b. Figure 2b depicts two drivers A and B; it 
shows the pull down transistors (Q2A and Q2B) and their 
associated substrate diodes (DSUB-A and DSUB-B) for the 
two drivers A and B. Here driver A is ON in the low output 
state; driver B is disabled, and therefore, should neither 
source nor sink current. The ground of driver A is 3 volts 
lower than that of driver B. Consequently, the substrate di- 
ode DSUB-B sees a forward bias voltage of about 2.7V (the 
collector-emitter voltage of Q2A will be about 0.3V), which 
causes hundreds of milliamperes of current to flow out of it. 
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FIGURE 2a. Driver Output Stage 
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FIGURE 2b. Two DCEs Separated by a Ground Drop 
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FIGURE 2c. Bus Contention 


Another problem is line contention, i.e. two drivers being 
‘ON’ simultaneously. Even if the protocol does not allow two 
drivers to be on at the same time, such a contingency could 
arise as a result of a fault condition. A line contention situa- 
tion, where two drivers are on at the same time, is illustrated 
in Figure 2c. Here, drivers A and B are ‘ON’ simultaneously; 
driver A is trying to force a high level on the line whereas 
driver B is trying to force a low fevel. Transistors Q1A and 
Q2B are ‘ON’ while transistors Q2A and Q1B are ‘OFF’. As 
a result, a large current is sourced by Q1A and sunk by 
Q2B; the magnitude of this current is limited only by the 
parasitic resistances of the two devices and the line. The 
problem is compounded by any ground drop that may exist 
between the two contending drivers. This large contention 
current can cause damage to one or both of the contending 
drivers. Most RS-422 drivers are not designed to handle line 
contention. 


A multi-point driver should also be capable of providing 
more drive than a RS-422 driver. The RS-422 driver is only 
required to drive one 100N termination resistor, and ten re- 
ceivers each with an input impedance no smaller than 4 kQ. 
A party-line, however, would have to be terminated at both 
ends; it should also be able to drive more devices to be 
useful and economical. 

Because of the above limitations, it is quite impractical to 
use RS-22 hardware to interconnect systems on a party- 
line. Clearly, a new standard had to be generated to meet 
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the more stringent hardware requirements of muti-point data 
links. : 


THE RS-485 STANDARD 


The RS-485 standard specifies the electrical characteristics 
of drivers and receivers that could be used to implement a 
balanced milti-point transmission line (party-line). A data ex- 
change network using these devices will operate properly in 
the presence of reasonable ground drops, withstand line 
contention situations and carry 32 or more drivers and re- 
ceivers on the line. The intended transmission medium is a 
1202. twisted pair line terminated at both ends in its charac- 
teristic impedance. The drivers and receivers can be distrib- 
uted between the termination resistors as shown in Figure 
1b. 


The effects of ground voltage differences are mitigated by 
expanding the common mode voltage (Voy) range of the 
driver and the receiver to —7V < Voy < +12V. A driver 
forced into the high impedance state, should be able to 
have its output taken to any voltage in the common mode 
range and still remain in the high impedance state, whether 
powered on or powered off. The receiver should respond 
properly to a 200 mV differential signal super-imposed on 
any common mode voltage in this range. With a 5V power 
supply, the common mode voltage range specified by RS- 
485 has a 7V spread from either supply terminal. The sys- 
tem will therefore perform properly in the presence of 
ground drops and longitudinally coupled extraneous noise, 
provided that the sum of these is less than 7 volts. 
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The output drive capability of the driver and the input imped- 
ance of the receiver are increased to accommodate two 
termination resistors and several devices (drivers, receivers 
and transceivers) on the line. The RS-485 standard defines 
a ‘unit load’ so that the load presented to the line by each 
device can be expressed in terms of unit loads (a 12 kN 
resistor, with one end tied to any voltage between ground 
and Voc/2, will satisfy the requirements of a unit load). It 
was anticipated that most manufacturers would design their 
drivers and receivers such that the combined load of one 
receiver and one disabled driver would be less than one unit 
load. This would require the RS-485 receiver to have three 
times the input resistance of a RS-422 receiver. The re- 
quired receiver sensitivity is +200 mV—the same as for RS- 
422. The driver is required to provide at least 1.5V across its 
outputs when tied to a terminated line populated with 32 
transceivers. Although this output voltage is smaller than 
the 2.0V specified for RS-422, a careful design of the driver, 
with special regard to ac performance, can allow the user to 
operate a multi-point network at data rates and distances 
comparable to RS-422. 


RS-485 has additional specifications to guarantee device 
safety in the event of line contention or short circuits. An 
enabled driver whose output is directly shorted to any volt- 
age in the common mode range, is required to limit its cur- 
rent output to +250 mA. Even with such a current limit, it is 
possible for a device to dissipate as much as 3 Watts (if the 
device draws 250 mA while shorted to 12 volts). Power dis- 
sipation of such a magnitude will damage most ICs; there- 
fore, the standard requires that manufacturers include some 
additional safeguard(s) to protect the devices in such situa- 
tions. 


The +250 mA current limit also serves another purpose. If a 
contending driver is abruptly turned off, a voltage transient, 


of magnitude I¢Z/2, is reflected along the line as the line’ 


discharges its stored energy (Ic is the contention current 
and Z is the characteristic impedance of the line). This volt- 
age transient must be small enough to avoid breaking down 
the output transistors of the drivers on the line. If the con- 
tention current is limited to 250 mA, the magnitude of this 
voltage transient, on a 1202 line, is limited to 15V, a value 
that is a good compromise between Panslsol breakdown 
voltage and speed. 


AC PERFORMANCE 


To achieve reliable transmission at high data rates over long 
distances, the driver should have optimum ac characteris- 
tics. The response should be fast and the output transients 
sharp and symmetrical. 


(1) Propagation Delay: The propagation delay through the 
driver should be small compared to the bit interval so 
that the data stream does not encounter a bottle-neck at 
the driver. If the propagation delay is comparable to the 
bit interval, the driver will not have time to reach the full 
voltage swing it is capable of. In lines a few hundred feet 
long, the line delay would impose greater limits on data 
throughput than the driver propagation delay. However, 
a fast driver would be desirable for short haul networks 
such as those in automobile vehicles or disc drives; in 
the latter case high data throughput would be essential. 
Driver propagation delays less than 20 ns would be very 
good for a wide range of applications. 


(2) Transition Time: For distortion free data transmission, 
the signal at the farthest receiver must have rise and fall 
times much smaller than the bit interval. Signal distortion 
results from driver imbalance, receiver threshold offset 
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and skew. RS-485 limits the DC imbalance in the driver 
output to +0.2V i.e., 13% of worst-case signal ampli- 
tude. Usually, the greatest distortion is caused by offset 
in the receiver threshold. In a long line in which a 1.5V 
driver output signal amplitude is attenuated by the loop 
resistance to about 0.4V, a 200 mV offset in the receiver 
threshold can cause severe pulse width distortion if the 
rise time is comparable to the bit interval. For lines long- 
er than about five hundred feet, the rise time would be 
dominated by the line and not the driver. In short-haul 
networks, the transient response of the driver can signifi- 
cantly affect signal distortion; a faster transient creates 
less distortion and hence permits a smaller bit interval 
and a higher baud rate. A rise time less than 20 ns will be 
a good target spec., for it will permit a baud rate of 10 
Meg over §0’ of standard twisted pair wire with less than 
5% distortion. 


The driver should provide the above risetime and propa- 
gation delay numbers while driving a reasonable capaci- 
tance, say 100 pF from each output, in addition to the 
maximum resistive load of 54. A properly terminated 
transmission line appears purely resistive to the driver. 
Most manufacturers take this into account and specify 
their driver delays with 15 pF loads. However, if any dis- 
abled transceivers are situated close to the driver (such 
that the round trip delay is tess than the rise time), the 
input capacitances of these transceivers will appear as 
lumped circuit loads to the driver. The driver output rise 
time will then be affected by all other devices in such 
close proximity. In the case of high speed short-haul net- 
works, where rise time and propagation delay are critical, 
several devices could be clustered in a short span. In 
such an instance, specifying propagation delays with 
15 pF loads is quite meaningless. A 100 pF capacitive 
load is more reasonable; even if we allocate a generous 
20 pF per transceiver, it allows up to six transceivers to 
be clustered together in an eight foot span (the eight foot 
span is the approximate round trip distance travelled by 
the wavefront in one rise time of 20 ns). 


(3) Skew: The ideal differential driver will have the following 
waveform characteristics: the propagation delay times 
from the input to the high and low output states will be 
equal; the rise and fall times of the complementary out- 
puts will be equal and the output waveforms will be per- 
fectly symmetrical. 


If the propagation delay to the low output state is differ- 
ent from the propagation delay to the high output state, 
there is said to be ‘propagation skew’ between output 
states. If a square wave input is fed into a driver with 
such skew; the output will be. distorted in that it will no 
longer have a 50% duty cycle. 


If the mid-points of the waveforms from the two comple- 
mentary driver outputs are not identical, there is said to 
be SKEW between the complementary outputs. This 
type of skew is undesirable because it impairs the noise 
immunity of the system and increases the amount of 
electromagnetic emission. 


Figure 3a shows the differential signal from a driver that 
has no skew. Figure 3b shows the case when there is 80 
ns of skew. The first signal makes its transition uniformly 
and passes rapidly through OV. The second waveform 
flattens out for tens of nanoseconds near OV. Unfortu- 
nately, this flat region occurs near the receiver threshold. 
A common mode noise spike hitting the inputs of a 
. Slightly unbalanced receiver would create a small differ- 
ential noise pulse at the receiver inputs. If this noise 
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FIGURE 3a. Transients with no Skew 
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FIGURE 3b. Skewed Transients 
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pulse occurs when the driver transition is flat near OV, 
there will be a glitch at the receiver output. A glitch could 
also occur if a line reflection reaches the receiver input 
when the driver transition is temporarily flat. Skew is in- 
sidious in that it can cause erroneous outputs to occur at 
random. It can also increase the amount of electromag- 
netic interference (EMI) generated by the transmission 
system. If the complementary outputs are perfectly sym- 
metrical, and the twisted pair medium is perfectly bal- 
anced, the radiation from one wire is cancelled exactly 
by the radiation from the other wire. If there is skew be- 
tween the outputs, there will be net radiation proportion- 
al to the skew. 


(4) Balance: The impedance seen looking into each of the 
complementary inputs of the transceiver should be iden- 
tical. If there is any imbalance at these nodes, the com- 
mon mode rejection will be degraded. Any DC imbal- 
ance, due to a mismatch in the receiver input resistanc- 
es, will manifest itself as an offset in the receiver thresh- 
old, and can be easily detected during testing. AC imbal- 
ance is more difficult to detect, but it can hurt noise im- 
munity at high frequencies. A sharp common mode noise 
spike striking an unbalanced receiver will cause a spuri- 
ous differential signal. If the receiver is fast enough (as it 
is bound to be in most cases), it will respond to this noise 
signal. It is best to keep the imbalance below 4 pF. This 
number is reasonable to achieve; in addition, the com- 
bined imbalance of 32 transceivers will still provide suffi- 
cient immunity from h.f. interference. 


DESIGN CONSIDERATIONS 


The driver poses the greatest design challenge. Its speed, 
drive and common mode voltage requirements are best met 


using a bipolar process. National Semiconductor uses an 
established Schottky process with a 5y deep epitaxial layer. 
NPN transistors are fabricated with LVCEO values greater 
than 15V to satisfy the breakdown requirements. It will be 


HIGH SPEED 
ENABLE/DISABLE 
CIRCUITRY 


seen that lateral PNP transistors are crucial to the driver. 
The 5p EPI process provides adequate lateral PNP transis- 
tors, and NPN transistors of sufficient speed. 


Figure 4 shows the driver output circuit used by National. It 
is a standard totem pole output circuit modified to provide a 
common mode range that exceeds the supply limits. If the 
driver output is to be taken to —7V while the driver is in TRI- 
STATE, precautions must be taken to prevent the substrate 
diodes from turning on. This is achieved in the lower output 
transistor Q1 by including Schottky diode S1 in series. The 
only way to isolate the upper half of the totem pole from the 
substrate is by using a lateral PNP transistor. In Figure 4, a 
lateral PNP transistor is used to realize current source IG. 
Lateral PNP transistors are, however, notoriously slow; the 
trick therefore is not to use the PNP transistor in the switch- 
ing path. In the circuit shown, the PNP transistor is a current 
source which feeds NPN transistor Q2 and therefore, does 
not participate in the switching function. This allows Nation- 
al’s driver to have 15 ns propagation delays and 10 ns rise 
times. A Darlington stage cannot be used instead of Q2 
because it would reduce the voltage swing below the 1.5V 
specification. Consequently, the rise time is bound to be 
significantly larger than the fall time, resulting in a large 
skew. National’s driver uses a patented circuit with a plurali- 
ty of discharge paths, to slow down the fall time so that it 
matches the rise time, and to keep the two transition times 
on track over temperature. This keeps the skew small (2 ns 
typical at 25°C) over the entire operating temperature range. 
The symmetry of the complementary outputs of National’s 
DS3695 driver can be seen from the photographs in Figure 
5. The lateral PNP transistor which has been kept out of the 
switching path has nevertheless got to be turned on or off 
when the driver is respectively enabled or disabled. Another 
patented circuit is used to hasten turn-on and turn-off of the 
lateral PNP transistors so that these switch in 25 ns instead 
of in 100 ns. Consequently, the driver can be enabled or 
disabled in 35 ns. 


SKEW CONTROL AND 
CURRENT LIMITING 
CURCUITRY 


GND 
FIGURE 4 
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Complementary Outputs 
of Natlonal’s RS-485 Driver 
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Differential Output 
of National’s RS-485 Driver 
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FIGURE 5 


The devices must be protected in fault conditions and con- 
tention situations. One way of doing this is by sensing cur- 
rent and voltage to determine power, and then if necessary, 
turning the device off or limiting its output current to prevent 
damage. This method has the advantage of fast detection 
of a fault and rapid recovery from one. However, too many 
contingencies have to be accounted for; the corresponding 
circuitry will increase the die size and the cost beyond what 
would be acceptable in many low cost applications. National 
preferred the simpler and inherently more reliable thermal 
shutdown protection scheme. Here, the device is disabled 
when the die temperature exceeds a certain value. This 
method is somewhat slower (order of milliseconds), but fast 
enough to protect the part. A fault would usually result from 
a breakdown in network protocol or from a hardware failure. 
In either case it is immaterial how long the device takes to 
shut down or recover as long as it stays undamaged. It 
would be useful to be notified of the occurrence of a fault in 
any particular channel, so that remedial action may be tak- 
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en. Two of National’s devices, the DS3696 receiver and the 
DS3698 repeater, provide a fault reporting pin which can 
flag the processor or drive an alarm LED in the event of a 
fault. National also decided to make its devices as single 
transceivers housed in 8 pin mini DIP packages. If thermal 
shutdown protection is employed, it is pointless to have dual 
or quad versions because a faulty channel will shut down a 
good one. Since most RS-485 applications will employ sin- 
gle channel serial data, the 8 pin package will give optimum 
flexibility, size and economy. 

The receiver has 70 mV (typical) hysteresis for improved 
noise immunity. Hysteresis can contribute some distortion, 
especially in short lines, if the rise and fall times are differ- 
ent. However, this is more than adequately compensated 
for by the noise immunity it provides with long lines where 
tise times are slow. The matched rise and fall times with 
National’s drivers assure low pulse width distortion even at 
short distances and high data rates. 
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Low Power RS-232C Driver 
and Receiver in CMOS 


This article sets out to describe the new innovative low pow- 
er CMOS RS-232C driver and receiver IC’s introduced by 
National Semiconductor with particular reference to the EIA 
RS-232C standard. Comparison will also be made with ex- 
isting bipolar driver and receiver circuits. 


The DS14C88 and DS14C89A are monolithic MOS circuits 
utilizing a standard CMOS process. Important features are a 
wide operating voltage range (4.5V-—12.6V), together with 
ESD and latch up protection and proven reliability. 


The Electronics Industries Association released Data Termi- 
nal Equipment (DTE) to Data Communications Equipment 
(DCE) interface standards to cover the electrical, mechani- 
cal and functional interface between/among terminals (i.e. 
teletypewriters, CRT’s etc.) and communications equipment 
(i.e. modems, cryptographic sets etc.). 


The EIA RS-232C is the oldest and most widely known 
DTE/DCE standard. Its European version is CCITT V.24 
specification. It provides for one-way/non-reversible, single 
ended (unbalanced) non-terminated line, serial digital data 
transmission. 

The DS14C88 quad CMOS driver and its companion circuit, 
the DS14C89A quad CMOS receiver, combine to provide an 
efficient low power system for RS-232C or CCITT V.24 ap- 
plications. 


RS232C 
INTERFACE 


>—_—> 


2 
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FIGURE 1. EIA RS-232C Application 
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THE DRIVER 


The DS14C88 quad CMOS line driver is a pin replacement 
of the existing bipolar circuit DS1488/MC1488. 


The DS14C88 is fabricated in CMOS technology and there- 
fore has an inherent advantage over the bipolar DS1488/ 
MC1488 line driver in terms of current consumption. Under 
worst case Static conditions, the DS14C88 is a miser when it 
comes to current consumption. In comparison with the 
DS1488/MC1488 line driver, a current consumption reduc- 
tion to 500 A max versus 25 mA can be achieved. 


The RS-232C specification states that the required driver 
output voltage is defined as being between + 5V and + 15V 
and is positive for a logic “0” (+5V to + 15V) and negative 
for a logic “1” (—5V to —15V). These voltage levels are 
defined when driver is loaded (30009 < Ry. < 70002). The 
DS14C88 meets this voltage requirement by converting HC 
or TTL/LSTTL levels into RS-232C levels through one 
stage of inversion. 


In applications where strict compliance to RS-232C voltage 
levels is not essential, a +5V power supply to the driver 
may be used. The output voltage of the DS14C88 will be 
high enough to be recognized by either the 1489 or 14C89A 
receiver as valid data. 


The RS-232C specification further states that, during tran- 
sitions, the driver output slew rate must not exceed 30V/ys. 
The inherent slew rate of the equivalent bipolar circuit 
DS14C88/MC1488 is much too fast and requires the con- 
nection of one external capacitor (330-400 pF) to each 
driver output in order to limit the slew rate to the specified 
value. However, the DS14C88 does not require any external 
components. The DS14C88 has a‘novel feature in that 
unique internal slew rate control circuitry has been incorpo- 
rated which eliminates the need for external capacitors; to 
be precise, a saving of four capacitors per package. The 
14C88 minimizes RFI and transition noise spikes by typically 
setting the slew rate at 5V-6V/y:s. This will enable optimum 
noise performance, but will restrict data rates to below 40k 
baud. , 

The DS14C88 can also withstand an accidental short circuit 
from a conductor in the interconnecting cable to any one of 
four outputs in a package without sustaining damage to it- 
self or its associated equipment. 
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FIGURE 2. DS14C88 Line Driver Block Diagram 
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THE RECEIVER 


The DS14C89A quad CMOS line receiver is a pin replace- 
ment of the existing bipolar circuit DS1489/MC1489/ 
DS1489A/MC1489A. 


The DS14C89A is fabricated in CMOS technology giving it 
an inherent advantage over the bipolar DS1489/MC1489/ 
DS1489A/MC1489A circuits in terms of power consump- 
tion. Under worst case static conditions a power consump- 
tion reduction of 97% (900 A against 26 mA) is achieved. 


The RS-232C specification states that the required receiver 
input impedance as being between 3000 and 70002 for 
input signals between 3.0V and 25.0V. Furthermore, the re- 
ceiver open circuit bias voltage must not be greater than 
+2V. 


The DS14C89A meets these requirements and is able to 
level shift voltages in the range of —30V to + 30V to HC or 
TTL/LSTTL logic levels through one stage of inversion. A 
voltage of between -—3.0V and —25.0V is detected as a 
logic “1” and a voltage of between +3.0V and +25.0V is 
detected as logic “0”. 


The RS-232C specification states that the receiver should 
interpret an open circuit or power off condition (source im- 
pedance of driver must be 300 or more to ground) as an 
OFF condition. In order to meet this requirement the input 
threshold of the DS14C89A is positive with respect to 
ground resulting in an open circuit or ‘“‘power off’ condition 
being interpreted as a logic “0” at the input. 


Although the DS14C89A is pin replacement for the bipolar 
circuits DS1489/MC1489/DS1489A/MC1489A, its perform- 
ance characteristics are modeled on the DS1489A/ 
MC1489A. 


The response control input on each of the bipolar circuits 
facilitates the rejection of noise signals by means of an ex- 
ternal capacitor between each response control pin and 
ground. 


When communicating between components of a data pro- 
cessing system in a hostile environment, spurious data such 
as ground shifts and noise signals may be introduced and it 
can become difficult to distinguish between a valid data sig- 
nal and those signals introduced by the environment. 


The DS14C89A eliminates the need for external response — 


control capacitors and overcomes the effects of spurious 
data by means of unique internal noise filtering circuitry. 
Figure 4 shows typical turn on threshold versus response 
control capacitance for existing bipolar devices. Note the 
curve for the DS14C89A CMOS device. The DS14C89A will 
not recognize any input signal whose pulse width is less 
than 1 ys, regardless of the voltage level of that input sig- 
nal. Noise rejection in the bipolar parts depends on the volt- 
age level of the noise transients. Therefore, in hostile envi- 
ronments the CMOS parts offer improved noise rejection 
properties. The DS14C89A has an internal comparator 
which provides input hysteresis for noise rejection. The 
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(1%, circuit shown) TL/F/8681-3 
FIGURE 3. DS14C89A Line Receiver Block Diagram 
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DS14C89A has a typical turn-on voltage of 2.0V and a typi- 
cal turn-off voltage of 1.0V resulting in 1.0V of hysteresis. 


DS14C89A 
INTERNAL 
NOISE 
FILTERING 





INPUT VOLTAGE (VOLTS) 





INPUT PULSE WIDTH (,:S) 


TL/F/8681-4 
FIGURE 4 


TYPICAL APPLICATIONS 


Obviously the major advantage of these CMOS devices is 
that with the large reduction of operating current, it is now 
possible to implement the “FULL” RS-232 interface in re- 
mote or portable equipment. Imagine that previously a de- 
signer, using a CMOS pP, RAM, ROM, and peripherals, 
could implement a complete system that consumes be- 
tween 200 and 300 mW, but just adding the RS-232 inter- 
face (one driver, and one receiver) would add another 450 
to 700 mW to the total system power consumption. This 
would severely shorten the battery life. The CMOS driver 
and receiver would only add about 40-50 mW. 


In addition, the CMOS devices provide better noise rejection 
in harsh EMI environments, thus better data integrity. At the 
same time the internal slew rate limiting of the driver reduc- 
es the output transition time along the cable interface, 
hence reducing RFI emission, and easing the ability for por- 
table (or non-portable) systems to meet FCC noise emission 
regulations. Also, since space is a premium in remote and 
portable systems, by integrating the function of the external 
capacitors on-chip (eliminating 8 capacitors), and designing 
these into S.O. packages, significant reduction in board 
space can be achieved. 


For example, Figure 5 shows a small CMOS system utilizing 
a CMOS NSC800 microprocessor, NSC858 CMOS UART, 
CMOS RAM/ROM, and a clock timer. This system runs off a 
9V battery so a DC-DC converter is used to generate —9V 
for the RS-232 interface. In this design a standard DC-DC 
convert IC is used to generate a — 9V supply from the single 
+ 9V battery. 


As a second example, a “cheater” RS-232 interface is 
sometimes implemented. This interface is compatible with 
the current RS-232 driver/receiver products, but rather than 
using a +(9-15)V supply, a +5V supply is used. The driv- 
ers will not meet the RS-232 output voltage level specifica- 
tions, but will correctly drive either the CMOS or bipolar re- 
ceivers. The DC-DC converter circuit in Figure 5 may be 
used to implement this. While for non-portable applications 
this can be done with the old bipolar 1488/89s, the DC-DC 
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converter is somewhat simpler with the CMOS parts due to 
the much reduced current consumption. 

The RS-232 driver/receivers are also useful in non-power 
sensitive multi-user computers. Imagine a 16 terminal clus- 


ter controller for a multi-user computer system, Figure 6. 


This controller would require 16 drivers and 16 receivers 
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avey TO -9V DC=DC CONVERTER 
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FIGURE 5. Typical portable system application using CMOS ,.P, ROM, RAM, and UART. 


with a total power of 8 watts when using the bipolar devices. 
The CMOS devices need only 400 mW. 


Also proper noise rejection for receivers and slew rate fimit- 
ing for the driver would require 128 capacitors for the bipolar 
parts, but they are unnecessary in the CMOS implementa- 
tion. 
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RS-232 interface is shown using 7660 supply inverter and CMOS Receiver/Driver. 
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High Speed, Low Skew 
RS-422 Drivers and 
Receivers Solve Critical 
System Timing Problems 


In system design, due to the distributed intelligence ability of 
the microprocessor, it is a common practice to have the 
peripheral circuits physically separated from the host proc- 
essor with data communications being handled over cables. 
Usually, these cables are measured in hundreds or thou- 
sands of feet. Signals transmitted on these lines (or cables) 
are exposed to electrical noise sources which may require 
large noise immunity. The requirements for transmission 
lines and noise immunity are covered in E.I.A. standard 
RS-422, 


The object of this application note is to describe the design 
requirement of RS-422 standard and to show that National’s 
DS8921, DS8922 and DS8923 Differential Driver and Re- 
ceiver pair meet all of those requirements. Special circuit 
design techniques are used to achieve small skew on com- 
plementary signals of the driver outputs. In fact, these devic- 
es are designed specifically for applications which must 
meet stringent timing constraints including the ESDI Disk 
Drive standard. Additionally, the DS8921 series meet the 
requirement of ST506 and ST412HP standards. 


BALANCED VOLTAGE DIGITAL INTERFACE CIRCUITS 

(RS-422) REQUIREMENT 

Balanced circuits are normally used in data, timing, or con- 

trol applications where the data signaling rate approaches 

speeds of 10 Mbit/s. In addition, balanced data transmis- 
sion techniques should be used whenever the following 
conditions exist: 

1. The interconnecting cable is too long for effective unbal- 
anced operation. 

2. The interconnecting cable is exposed to a noise source 
which may cause a voltage sufficient to indicate a change 
of binary state at the load. 

3. It is necessary to minimize interference with other signals. 


Figure 7 below is a balanced circuit connection. 


BALANCED 


ORIVER—> INTERCONNECTING 


Legend: 

Rt = Optional cable transmission resistance/receiver input impedance. 
VaGRoUND = Ground potential difference 

A, B = Driver interface 


National Semiconductor 
Application Note 457 
Toan Tran 

Larry Kendall 


There are three major controlling factors in balanced volt- 
age digital interface: 


1. The cable length 
2. The modulation rate 
3. The characteristics of the Driver and Receiver 


CABLE LENGTH 


There is no maximum cable length specified in the RS-422 
standard. Guidelines are given with respect to conservative 
operating distances as a function of modulation rate. Figure 
2 below is the guideline provided by RS-422 for data modu- 
lation rate versus cable length. 
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DATA MODULATION RATE (BAUDS) 


TL/F/8837~-2 
FIGURE 2. Data Modulation Rate vs Cable Length 
The curve is based on empirical data using a 24 AWG, cop- 
per conductor, twisted pair cable terminated for worst case 
in a 1002 load, with rise and fall time equal or less than one 

half unit interval at the applied modulation rate. 

Even though the maximum cable length between driver and 
load is a function of data signaling rate, it is also influenced 
by the tolerable signal distortion, the amount of longitudinal- 
ly coupled noise and ground potential difference introduced 
between the generator and load circuit grounds. 


LOAD 


CABLE 
hs 


TL/F/8837-1 
A’, B' = Load Interface 


C = Driver circuit ground 
C’ = Load circuit ground 


FIGURE 1. RS-422 Balanced Digital Interface Circult 
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MODULATION RATE 


The balanced (or differentia!) voltage mode interface will 
normally be utilized on data, timing or control circuits operat- 
ing at up to 10 Mbauds. The voltage digital interface devices 
meeting the electrical characteristics of this standard need 
not meet the entire modulation range specified. They may 
be designed to operate over narrower ranges to more eco- 
nomically satisfy specific applications, particularly at the 
lower modulation rates. The DS8921 family of devices 
meets or exceeds all of the recommended RS-422 perform- 
ance specifications. 


RS-422 CHARACTERISTICS 


A. The Driver 


The balanced driver characteristics are specified in RS-422 
as follows: 


1. A driver circuit should result in a low impedance (1000 or 
less) balanced voltage source that will produce a differ- 
ential voltage to the interconnecting cable in the range of 
2V to 6V. 


. With a test load of 2 resistors, 50 each, connected in 
series between the driver output terminals, the magnitude 
of the differential voltage (VT) measured between the two 
output terminals shall be equal to or greater than 2V, or 
50% of the magnitude of Vo, whichever is greater. For 
the opposite binary state the polarity of VT is reversed 
(VT). 

. During transitions of the driver output between alternating 
binary states, the differential voltage measured across 
1002. load shall monotonically change between 0.1 and 
0.9 of Vsg within 0.1 of the unit interval or 20 ns, whichev- 
er is greater. Thereafter, the signal voltage shall not 
change more than 10% of Vss from the steady state val- 
ue until the binary state occurs. 


B. The Receiver 


The electrical characteristics of the receiver are specified in 

RS-422 as follows: 

1. The receiver shall not require a differential input voltage 
more than 200 mV to correctly assume the intended bina- 
ry state, over an entire common-mode voltage range of 
—7 to +7V. The common-mode voltage (Voy) is defined 


DS8921A 


TL/F/8837-3 


DS8922A 


as the algebraic mean of the 2 voltages appearing at the 
receiver input terminals with respect to the receiver circuit 
ground. This allows for operations where there are 
ground differences caused by IR drop and noise of up to 
+7V. 


. The receiver shall maintain correct operation for a differ- 
ential input signal ranging between 200 mV and 6V in 
magnitude. 

. The maximum voltage between either receiver input ter- 
minal and receiver circuit ground shall not exceed 10V 
(3V signal +7V common-mode) in magnitude. Also, the 
receiver shall tolerate a maximum differential signal of 
12V applied across its input terminals without being dam- 
aged. 

. The total load (up to 10 receivers) shall not have a resist- 
ance more than 900. at its input points. 


DS8921, DS8922 AND DS8923 


The DS8921 is a single differential line driver and receiver 
pair. Whereas, the DS8922 and DS8923 are dual differential 
line driver and receiver pairs. The difference between the 
DS8922 and DS8923 is in the TRI-STATE® control (Figure 
3). 

These devices are designed to meet the full specifications 
of RS-422. The driver features high source and sink current 
capability. 

The receiver will discriminate a +200 mV input signal over a 
full common-mode range of +7V. Switching noise which 
may occur on input signal can be eliminated by the built-in 
hysteresis (50 mV typical, and 15 mV min.). An input fail- 
safe circuit is provided so that if the receiver inputs are 
open, the output will assume the logical one state. 

These devices have power up/down circuitry that will TRI- 
STATE the outputs and prevent erroneous glitches on the 
transmission lines during system power up or down opera- 
tion. 

The most attractive feature of these devices is the’ small 
skew beween the complementary outputs of the driver, typi- 
cally about 0.5 ns. This small skew specification is often 
necessary to meet tight system timing requirements. 


DS8923A 


TL/F/8837~-5 
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FIGURE 3. DS8921A, DS8922A and DS8923A Connectlon Diagrams 
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Note 1. All times in ns measured at I/O connector of the drive. T is the period of the clock signals and is the inverse of the reference or read clock frequency. 
Note 2. Similar period symmetry shall be in +4 ns between any two adjacent cycles during reading and writing. 


Note 3. Except during a head change or PLO synchronization the clock variances for spindle speed and circuit tolerances shall not vary more than ~—5.5% to 
+5.0%. Phase relationship between reference clock and NRZ write data or write clock is not defined. 


Note 4. The write clock must be the same frequency as the drive supplied reference clock (i.e., the write clock is the controller received and retransmitted drive 
reference clock). ; 
Note 5. Reference clock is valid when read gate is inactive. Read clock is valid when read gate is active and PLO synchronization has been established. 


FIGURE 4. ESDI Timing Diagrams 


DM74AS74 Switching Characteristics 


over recommended operating free air temperature range (Note 1). All typical values are measured at Vcc = 5V, Ta = 25°C. 


DM74AS74 


Parameter 


Voc = 4.5V to 5.5V 
R_ = 5002 


Note 1: See Section 1 for test waveforms and output load. 


FIGURE 5. 1 ns Clock Skew 
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ESDI ENHANCED SMALL DEVICE INTERFACE 

The ESDI specification requires that the read and Refer- 
ence Clock must meet the symmetry shown in Figure 4. This 
necessitates the use of National’s DS8921A/22A/23A se- 
ries of transceivers. 


1 
All specifications are in % T, where T = F’ the ESD! specifi- 


cation is assumed to be a 10 Mbits/second standard, T = 
100 ns. 


Given this, the negative pulse width measured at the drive 
connector must equal 0.5T +0.05T (50 ns +5 ns). The best 
available RS-422 driver, other than the DS8921A Family, is 
specified at +4 ns differential skew. If the clock is from a 
high speed 74AS74 device, shown in Figure 5, it will have a 
typical skew of 1 ns. 


This combination of 4 ns +1 ns uses all of the ESD! speci- 
fied 5 ns and leaves no margin for noise. Use of the 
DS8921A, 22A, or 23A, specified at + 2.75 ns max. differen- 
tial skew would allow up to +2.25 ns for clock skew and 
noise. This is as close a guarantee to meeting the +5 ns 
spec. of ESDI, as is possible with todays advanced testing 
systems. 


One other consideration is the relationship between Read 
Clock and Read Data. Figure 4 shows that the positive edge 


of Read Clock must be 0.31T (31 ns) after the leading edge 
of Read Data, and 0.31T (31 ns) before the trailing edge of 
Read Data. 


The Read Clock positive edges will be used to strobe Read 
Data into the controller after both signals go through their 
respective cable lines and receivers. Use of the DS8922A/ 
23A assures minimum skew between these two signals. Be- 
cause both drivers, or both receivers, are on the same piece 
of silicon an optimum match is achieved. 


The above is applicable to an ESDI controller as well as the 
Drive itself. The controller receives the Reference Clock 
and uses both positive and negative edges to generate 
WRITE CLOCK. The negative edge of WRITE CLOCK is 
used to strobe out WRITE DATA and the positive edge will 
strobe WRITE DATA into the Drive. 

The WRITE CLOCK positive edge has to be centered within 
WRITE DATA after it is received by the Drive. The transmit- 
ted WRITE CLOCK and WRITE DATA must be as closely 
matched as possible. 

National’s DS8921A, 22A, and DS8923A devices offer the 
combination of tightly spec’d parameters and drivers and 
receivers on one chip to meet various system timing con- 
straints. 
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Build a Direction-Sensing 
Bidirectional Repeater | 


When designing an ElA-485 control bus to link widely sepa- 
rated machinery and process controllers, devising a scheme 
to control the repeaters can be one of the more awkward 
tasks. In long buses, bus segments are joined with repeat- 
ers if the distance exceeds the maximum allowed by one 
cable segment. 


Usually the buses are of a master-slave configuration—a 
bus network can consist of a master, two slaves, and two 
repeaters, for instance (Figure 7). Amplifying control signals 
and making sure that they’re clearly received by the slaves 
is one task performed by the repeaters. Repeaters can also 
increase the number of slaves per cable segment, extend- 
ing the control bus’s reach. To ensure that signals travel 
through repeaters correctly in both master-to-slave and 
slave-to-master directions, though, the repeaters must be 
switched. 


National Semiconductor 
Application Note 702 
Gary Murdock 

John Goldie 


Controlling the switching can be a cumbersome task. One 
way to handle it is to generate a repeater-reversing signal at 
the slave location and carry it over a dedicated control line 
to the repeaters. The catch is that the repeater control line 
needs to be very long—the length of the cable segment, in 
fact. Handling direction control remotely introduces delays 
and increases the possibility of errors. Ideally, control of the 
repeater switching would occur locally, at the repeaters 
themselves. Designers can achieve this local control and 
get rid of repeater lines by building a smart, direction-sens- 
ing repeater. 


CONTROLLING REPEATERS 


To see the advantages of direction-sensing repeaters, look 
at a design that uses repeater control lines (Figure 2). : 
Based on the repeater control circuit used by the Intel Bit- 
bus, this design is for twisted-pair cable. (Sometimes ribbon 
cable can be used instead). The differential line drivers and 
receivers are designed for multipoint applications and meet 
the ElA-485 standard. 


EIA=485 contro! bus 
Repeater Repeater 


TL/F/10876-1 


FIGURE 1. Repeaters Extend the Length of the Twisted-Pair Bus 
by Transmitting the Signal on to the Next Cable Segment 


TL/F/10876-2 


FIGURE 2. Repeater Direction Can Be Switched from the 
Slave’s End with a Biased Repeater-Control Line 


“Reprinted with written permission from Electronic Design, (Vol. 37, No. 10) May 11, 1989, Copyright 1989 Penton Publishing” 
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Bias resistors on the control tine typically enable the repeat- 
er in the direction away from the master. In this case, the 
master is the talker and the data flows in the master-to- 
slave direction. When a slave responds to a poll from the 
master, it drives its direction control line—DE/RE—high. 
This drives the slave's repeater control line high, overriding 
the low state normally imposed by the bias resistors. The 
orientation of each repeater between the slave and the 
master is switched to the slave-to-master direction. All other 
repeaters stay enabled in the direction away from the mas- 
ter—letting slaves talk to any other slave, if the protocol 
allows it. The repeater control line is actively driven to only 
one state (high), so that if more than one slave tries to drive 
the control line at the same time, contention current is mini- 
mized. 


Eliminating the repeater control line in the network greatly 
simplifies the circuit (Figure 3). Here, a local data direction- 
sensing control circuit switches repeater direction. The cir- 
cuit switches the repeater in the right direction by sensing 
which side of the data line is active first. If the master side is 
active first, the repeater is enabled in the master-to-slave 
direction, and vice versa. If the master and slave are active 
simultaneously, neither direction is enabled. 


ROO DE/RE O 


Two line-sense circuits work in the local control circuit. One 
monitors the master side of the data line, the other the slave 
side. The data line is active when driven to a differential high 
or low. The data line is inactive when all drivers connected 
to it are in TRI-STATE®. Resistors bias the sense circuit 
receiver inputs to produce high receiver outputs when the 
data line is inactive. When the data line is driven, the bias is 
overridden and the receivers respond to the signals on the 
data line. One output switches to the same state as the data 
line, and the other output switches to the complementary 
state. An active line sends complementary inputs to the 
AND gate and switches the sense circuit output low. An 
inactive data line produces high inputs to the AND gate (be- 
cause of the resistor bias) and switches the output high. 
Data direction is determined by detecting which sense-cir- 
cuit output (master or slave) goes low first. 


The direction-sensing repeater design divides into six func- 
tional blocks (Figure 4). The first block—block a—is a bidi- 
rectional repeater. Block b senses the state of the data line 
on each side of the repeater. It checks for either a driven 
state (active) or a high impedance state (inactive). Block c 
determines the enable signals according to the line states. 


. Block d generates pulses used for masking, clocking, and 


error signals. Block e filters, generates a pulse, and detects 
a valid line state change. Block f latches in the most current 
line state information and generates the enable signals to 
the repeaters. 


TL/F/10876-3 


FIGURE 3. Switching Repeater Direction Locally Avoids a Cumbersome and Costly Repeater Control Line 
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FIGURE 4. Direction-Sensing Circuity Switches the Repeater in the Direction that Data Is Being Transmitted 
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The bidirectional repeater consists of two standard-pinout 
EIA-485 transceivers. The inverter inverts the enable line on 
one of the transceivers, so that two standard transceivers 
can be used. The ‘‘active-low” receiver enables are perma- 
nently enabled by hard-wiring them to ground. The driver 
enables are set by the output of the LSOO and LS08 gates. 
Data lines must be terminated on each side of the repeater 
to bias the line for the line-sense circuits. The termination 
resistor should be selected to match the transmission line's 
characteristic impedance—100N to 1209 is typical for 
twisted pair. 

In block b, an ElA-485 quad receiver senses the line to de- 
termine whether it’s active or inactive. Each receiver pair 
monitors one side of the transmission line. The quad receiv- 
er’s enable should be hard-wired ON. Resistors bias the 
receiver input to a positive differential voltage that produces 
a high ouptut when all drivers are in TRI-STATE mode. The 
receiver outputs are combined with an AND gate. A falling 
edge at the AND gate output indicates an active line, and a 
rising edge indicates a return to the Z line state. 


The logic in block c—standard gates and the LS182 NAND 
gate—prevents the repeater from being enabled in case of 
collision. If both data lines become active at the same time, 
logic will disable transmission in both directions. In addition 
to the NAND function, the LS132 gate’s inputs have hyster- 
esis to increase noise immunity. This yields a jitter-free out- 
put from a slow input signal. 


When drivers on each side of the repeater drive the line 
simultaneously, a collision occurs. To prevent this, the logic 
in block c keeps both repeater drivers off until the lines on 
both sides have returned to the inactive state. When a colli- 
sion occurs, a low appears at signal locations 1 and 2. The 
logic sets the D flip-flop inputs high, however, so repeater 
disables—instead of enables—are generated. 


When signals 1 and 2 are high, the D flip-flop inputs are 
high, and both repeater drivers are disabled. If either 1 or 2 
is low while the other is high, an enable signa! travels to one 
of the repeater drivers, depending upon which line is low. A 
valid line state change causes block d to generate a clock 
pulse that will latch the D flip-flops. After the repeater has 
turned on, signals 1 and 2 go low, since data is passing 
through the repeater. Because data transitions don’t 
change the line state—it stays active—no new clock pulse 
is generated and the enables aren't updated. 


TRIGGERING ONE-SHOTS 


Block d includes four retriggerable LS123 one-shots for tim- 
ing functions. The first one-shot is triggered when a valid 
line state change is detected. Its output trips the second 
and third one-shots on the same edge. The second one- 
shot’s output is used as an enable mask, while the output of 
the third generates the clock pulse that latches in the latest 
enable bits. The fourth one-shot senses errors. It is activat- 
ed when a Collision occurs. 


The one-shot’s output pulse widths are set by external ca- 
pacitors and resistors. Standard 74123 one-shots shouldn't 
be substituted for the LS123 devices, because the LS123 
IC’s clear pin is also a trigger. Also, the resistor and capaci- 
tor should be as close to the device pins as possible, to 
minimize stray capacitance and noise pickup. In this appli- 
cation, these can affect the one-shots’ time constants. 


The first one-shot's resistor value is adjustable with a 50K 
trim pot to adjust the output pulse width. This one-shot is 
triggered on power-up, or by a valid line state change. Its 
output triggers the next two one-shots. The one-shot’s out- 
put pulse is set wide enough to mask out the second pulse, 
caused when the data line on the other side of the repeater 
becomes active. When one side becomes active, a pulse is 
genered at point 5, triggering the first one-shot. When the 
repeater is enabled, the repeater drives the other side of the 
line. The newly active side of the line generates a second 
pulse, as it has changed from inactive to active. The second 
pulse at point 5 retriggers the first one-shot, preventing a 
new clock pulse. Consequently, the second and third one- 
shots aren’t triggered. 


The output of the second one-shot disables both repeater 
enable lines for about 200 ns. This disable inserts a mini- 
mum inactive state between every repeater direction switch, 
preventing it from toggling. After the minimum interval, how- 
ever, the repeater can change direction. The third one-shot 
generates the D flip-flop clock pulse upon a valid line state 
change. The fourth one-shot sends an error signal to dis- 
able the repeater. The error occurs when the repeater isn’t 
enabled between the time that one side of the transmission 
line becomes active and the time the other side becomes 
active. This scenario is also a collision, and is related to the 
propagation delay of the local control circuit. In this case, 
the enables to the repeater are kept off. 


Block e filters and converts a valid line state change into a 
pulse, which triggers the first one-shot. The first low-pass 
filter cleans up spikes from the output of the line-sense cir- 
cuits. Spikes appear from the difference in switching thresh- 
olds between receivers in the sense circuit. For a short time, 
receiver outputs are in the same state, causing a glitch at 
points 1 and 2 on every other signal transition. The width of 
the spikes depends on the data line signal transition time. 
For a short line, the data line capacitance is small, the signal 
transitions are fast, and the pulses out of the LS08 are very 
narrow. In most applications, though, the data line between 
repeaters is long, so transition time is much slower. In this 
case, the pulses at the LS08 output are wider. These pulses 
must be filtered out before they mislead the repeater into 
switching direction. 


The first low-pass filter performs this function, with compo- 
nent values for a repeater linking two 1000-meter cable seg- 
ments and a data rate of 200 kbaud. This filter also controls 
the length of time required to enable and disable the repeat- 
er. The difference between these two times is the delay of 
the low-pass filter. The enable time—375 ns from LS04 out- 
put to LS132 output—is shorter than the disable time— 
about 3.5 ys—because during enable, the capacitor 
charges through the diode (Figure 5). 


The final block masks the enable bits to the repeater when 
the second one-shot is triggered by the first. A latch holds 
the repeater direction enable bits when a valid line change 
has occurred. The enable lines are automatically masked 
for 200 ns, guaranteeing return to the inactive state and 
disabling the repeater when the D flip-flops are changing 
states. 
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FIGURE 5. Signals at different points in the circuit vary according to the data line conditions. 
There are five possible cases: Master Enable, Master Disable, Slave Enable, 
Slave Disable, and Collision (master and slave attempting to enable simultaneously). 


To understand the timing in the master enable case, as- 
sume the master is located on the left side of the repeater 
and the slave on the right (Figure 4, again). First, both lines 
on either side of the repeater are inactive. The line-sense 


circuit outputs are high and Enables 6 and 7 are low. Next, 


the master drives the line high. The rising-edge line ME is 
the driving master’s enable line. As soon as the master 
drives the line high, the sense circuit on the master side 
detects an active line state. The output of the LS08 gate 
pulls low, indicating the inactive-to-active state change. 
Lines 3 and 4 show the D flip-flop input signals. When 4 is 
low, the repeater is enabled in the master-to-slave direction. 


On line 5, two pulses appear. The first occurs when the 
master side of the line changes from inactive to active. The 
first one-shot is triggered, generating a clock pulse. The D 
flip-flop latches its inputs and one repeater driver is en- 
abled. Line 7 stays low, disabling the repeater in the direc- 
tion towards the master. Line 6 becomes enabled, as a re- 
sult of the master side becoming active first. The pulse cre- 
ated when the slave side becomes active is the second 
pulse on line 5. The second pulse doesn’t generate a clock 


pulse; it retriggers the first one-shot. This one-shot can be 
adjusted so that the second pulse occurs within the output 
pulse of the first trigger. This guarantees that a new clock 
pulse won't be generated and keeps the repeater enabled 
in the same direction. 


When the master has completed transmission, it is disabled 
and lets go of the line. The line-sense circuit detects the 
state change, data is latched into the D flip-flops, and en- 
able lines 6 and 7 are pulled low. 


In the slave enable case the same timing cycle takes place, 
with the roles of sense lines 1 and 2 and enable lines 6 and 
7 reversed. When collision occurs, lines 3 and 4 stay high 
and neither direction is enabled. The line-sense circuits on 
both sides of the repeater detect a state change—from in- 
active to active—upon collision. The logic in block c, howev- 
er, keeps the repeater disabled. The second pulse usually 
seen on line 5 doesn’t occur, because the repeater is dis- 
abled in both directions. Both sides must return to the inac- 
tive state before the repeater can be enabled again in either 
direction. 
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Bus Transceivers Including Futurebus + 


A bus is a common communication medium, such as a ca- 
ble or a printed circuit trace, that is time shared by several 
elements of a system. Single-ended bus circuits are listed in 
this section and these may be further categorized into open- 
collector circuits and TRI-STATE circuits. 


When not transmitting, a bus driver should be capable of 
presenting a high impedance output in order to allow other 
drivers to freely use the bus. This is achieved by using either 
an open-collector or TRI-STATE output. 


Open-collector drivers may be connected in a wired-or con- 
figuration which is very useful for polling and bus arbitration. 
These devices require pull-up resistors, which can also 
serve as bus terminators. 


TRI-STATE drivers, on the other hand, do not require bus 
termination for short bus runs on PC boards. In addition, 
TRI-STATE devices provide improved rise time characteris- 
tics with low power dissipation. Hence, they are popular in 
high-speed microcomputer systems. 


A single-ended bus is highly susceptible to noise, including 
ground noise and crosstalk. For this reason the bus should 
not be extended beyond the subsystem’s enclosure without 
special care. Line lengths in excess of 10 feet are not rec- 
ommended without the use of noise reduction techniques, 


such as slew rate control, high receiver thresholds and. 


noise filtering. Devices such as National Semiconductor’s 
DS3662 and DS3862 Trapezoidal bus transceivers and 
DS3896 and DS3897 BTL transceivers are specifically de- 
signed for reducing crosstalk and noise susceptibility on 
high-speed buses. 


BTL TRANSCEIVERS 


The DS3893, DS3896, and DS3897 are devices designed 
for driving high-speed microcomputer backplane buses. 
These devices use BTL (Backplane Transceiver Logic) 
technology and incorporate low output capacitance, tight re- 
ceiver thresholds, and small signal swings with the ability to 
drive a bus with a loaded impedance of less than 18. This 
excellent drive capability is achieved while still maintaining 
high levels of noise immunity. 


FUTUREBUS+ DEVICES 


The Data Transceiver (latched and non-latched), the Hand- 
shake Transceiver, the Arbitration Transceiver, and the Ar- 
bitration Controller are devices designed for Futurebus+. 
All of the devices comply fully with the proposed IEEE P896 
Futurebus+ standard and handle all of the transceiving and 
arbitration functions of a Futurebus+ system. All of the 
transceivers use BTL technology as required by the Future- 
bus+ specification. 


POWER UP/DOWN GLITCH FREE PROTECTION 


Powering a device up or down, or simply connecting or dis- 
connecting a device from an active bus, has frequently pre- 
sented the design engineer with the problem of invalid data 
glitches being transmitted onto the bus. National Semicon- 
ductor is the industry leader in offering bus transceivers in- 
corporating glitch-free power up/down protection. For more 
detailed information on National Semiconductor’s line of 
bus transceivers, refer to the following Selection Guide and 
application notes within this section. 
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Bus Circuits 


BUS CIRCUITS 

Data bus circuits are not transmission line circuits in the normal interpretation where the transmission line is electrically long (1/4 wavelength) with respect to the baud rate. Like 
unbalanced transmission lines, the data transmission is susceptible to common-mode noise, such as ground IR noise and induced reactive noise from crosstalk. A bus is a 
communications method where many elements of a system time share the same signal (address or data) bus. A bus shouldn’t extend out of its subsystem’s electronic enclosure 
without special care. Line length in excess of 10 feet is not recommended without slew rate control. Cables should be in the form of twisted pair or flat cable where a signal wire is 


alternated with a ground wire. 


OPEN-COLLECTOR BUS CIRCUITS 


Device Number Driver/ Bus Driver Bus Receiver 


Circuits/ s 
Commercial Military Package Receiver/ Propagation | Vo_ (V)/ | Propagation | Vi. (V)/_ | Vin(V¥)/ | Hysteresis 
0°C to + 70°C | —55°C to + 125°C Transceiver | Delay (ns) | Io. (mA)| Delay (ns) fi (WA) I (A) (V) 


DS26S10 DS26S10M Transceiver 10 0.8/100 1.75/—100 | 2.25/100 
Transceiver 10 0.8/100 1.75/—100 | 2.25/100 Input to Bus is Non-Inverting 
Transceiver 20 0.9/100 1.50/400 | 1.9/100 Trapezoidal Transceiver 
Transceiver 12 0.9/100 1.50/10 1.9/10 Trapezoidal Transceiver 
Driver 9 1.2/43 Octal BTL Driver 
Receiver 1.47/ 1.62/ Octal BTL Receiver 
Transceiver ; 1.2/100 | - 1.47/ 1.62/ Quad BTL TURBOTRANSCEIVER 
Transceiver 1.2/43 1.47/ 1.62/ Octal BTL Transceiver 
Transceiver 1.2/43 1.47/ 1.62/ Quad BTL Transceiver 
Repeater 1.2/43 1.47/ 1.62/ Octal BTL Repeater 
Driver 0.7/300 AND Separate Output Transistors 
Driver 0.7/300 AND 
Driver 0.7/300 NAND 
Driver 0.7/300 : : OR 
Driver 0.7/300 , NOR 
1 
1 
1 


DS3662 

DS3862 

DS3890 

DS3892 

DS3893A 

DS3896 

DS3897 

DS3898 

DS75450 

DS75451 DS55451 
DS75452 DS55452 
DS75453 DS55453 
DS75454 DS55454 
DS8640 — DS7640 
DS8641 DS7641 
DS8836 DS7836 
DS8837 DS7837 
DS88338 DS7838 


DS26S11 DS26S11M 
Receiver 1.2/—50 | 1.8/50 Quad NOR Receiver 


Transceiver 0.7/50 1.2/—100 | 1.8/100 

1.05/—50 | 2.65/50 
Receiver ; 1.05/-—50 | 2.65/50 
Transceiver 0.8/50 1.05/—100 | 2.65/100 


Receiver Quad NOR Receiver 
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TRI-STATE® BUS CIRCUITS 


Bus Driver Bus Receiver 


Device Number Driver/ 
Circuits/ 


Commercial 


0°C to + 70°C 


DM74S240 
DM74S241 
DM74S941 
DP8212 


DP8216 
DP8226 
DP8228 


DP8238 


DP8303A 
DP8304B 


DP8307A 
DP8308 
DS3647 
DS3667 
DS75160A 
DS75161A 
DS75162A 
DS8833 
DS8834 
DS8835 
DS8839 


Note: Unless otherwise specified, bus circuits listed above are TTL compatible and use 5V supplies. 


Military 
—55°C to + 125°C 


DM54S240 
DM54S241 
DM54S941 
DP8212M 


DP8216M 
DP8226M 
DP8228M 


DP8238M 


Package 
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- 


Transceiver 
Driver 


Transceiver 
Transceiver 
Transceiver 


Transceiver 


Transceiver 
Transceiver 


Transceiver 
Transceiver 
Transceiver 
Transceiver 
Transceiver 
Transceiver 
Transceiver 
Transceiver 
Transceiver 
Transceiver 
Transceiver 


Delay 
Typ (ns) 





0.55/64 
0.55/64 
0.55/64 
0.45/15 


0.6/55 
0.6/50 
0.45/10 


0.45/10 


0.5/50 
0.5/50 


0.5/50 
0.5/50 
0.5/50 
0.5/48 
0.5/48 
0.5/48 
0.5/48 
0.5/50 
0.5/50 
0.5/50 
0.5/50 


Propagation 
Delay 
Typ (ns) 


lit (#A) 


0.8/—400 
0.8/—400 
0.8/—400 


0.95/ —250 
0.95/ —250 
0.8/—250 


0.8/—250 


0.8/—250 
0.8/—250 


0.8/—250 
0.8/—250 
0.8/—500 
0.8/—100 
0.8/—100 
0.8/—100 
0.8/—100 
0.8/—40 
0.8/—40 
0.8/—40 
0.8/—40 


Non-Inverting 

Inverting 

Inverting 

8080 MPU Data Latch and Service 
Request f/f 

8080 MPU Non-Inverting 

8080 MPU Inverting 

8080 MPU System Bus Controller 
and Bus Driver 

8080 MPU System Bus Controller 
and Bus Driver 

Bidirectional Inverting 
Bidirectional Non-Inverting IEEE 
488 

Bidirectional Inverting 
Bidirectional Non-Inverting 

Quad Bidirectional |/O Register 


IEEE 488 GPIB 
IEEE 488 GPIB 
IEEE 488 GPIB 


-{Non-Inverting TRI-STATE Receiver 


Inverting 
Inverting TRI-STATE Receiver 
Non-Inverting 
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Futurebus + Arbitration Controller 
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ADVANCE INFORMATION 


Futurebus+ Arbitration Controller 


General Description 


The Futurebus+ Arbitration Controller is a member of the 
chipset that National Semiconductor has designed for the 
IEEE P896.1 Futurebus+ standard. This device implements 
in a single chip the Arbitration function set specified by Ac- 
quisition, Allocation & Alignment protocol. This Controller 
interfaces with Futurebus+ through the NSC designed Fu- 
turebus+ Arbitration Transceiver and Handshake Trans- 
ceiver. NSC’s Futurebus+ Arbitration Transceiver tran- 
sceives all the Arbitration Bus lines, AB<7:0>*, ABP*. The 
Handshake Transceiver transceives the Arbitration Se- 
quencing and Arbitration Condition signal lines. Also includ- 
ed in the chipset to support the paralle! protocol, are two 
other Handshake Transceivers which transceive the Ad- 
dress Synchronization and Data Synchronization lines. The 
BTL 9-bit Data Transceiver or the Latched Data Transceiver 
transceives the Address/Data, Data, Bus Parity, Command, 
Command Parity and Status signal lines. 


Features 

m The controller implements the complete requirements 
of the IEEE 896.1 specification 

m Supports arbitration message passing and the two 
modes of ROUND ROBIN operation (RESTRICTED/ 
UNRESTRICTED) 

m™ Software configurable double/single pass operation, 
slow/fast and restricted/unrestricted arbitration 

@ Built in timer of 1 s for use in phase 2 and phase 4 of 
the arbitration cycle 


m@ 16 user selectable arbitration’ delay values (8 slow and 


8 fast) 


m Built-in PLL for accurate delays. The PLL accepts 
clocks of up to 40 MHz. 

m Signal to unlock slave modules on transfer of tenure. 
Auto unlock through a dummy cycle if the current mas- 
ter locked resources. 

Programmable delay for releasing ar* after decision has 
been made to compete. This is to compensate for chip- 
to-chip skew. These delays are 0 ns, 10 ns, 15 ns and 
20 ns. 

Read/Write facility with data acknowledge for the host 
to load arbitration numbers, control registers and emer- 
gency messages 

On board parity generator unloads the CPU of addition- 
al parity generation function 

Separate interrupts to indicate error occurrence and ar- 
bitration message received. Interrupts cleared on a 
write to a register. Error status is available in a sepa- 
rate status register. 

A special output pin to indicate that a POWERFAIL 
message was received 

FIFO strobe provided to store more than one arbitration 
message externally to prevent overrun, if desired 
Hardwired registers contain arbitration numbers for 
dummy cycle and the first word of the arbitration mes- 
sage 

Bus initialization, system reset and Live-insertion sup- 
ported. The logic to detect these conditions must be 
implemented externally. 

m Testability in the form of read/write access to key reg- 
isters which include the bus state and internal timers 

m@ Supports idle bus arbitration 

H 68-pin PLCC package 
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Futurebus+ BTL 9-Bit Data Transceiver 


General Description 


The BTL 9-Bit Data Transceiver is a member of the chipset 
that National Semiconductor has designed for the IEEE 
896.1 Futurebus+ standard. It typically transceives the Ad- 
dress/Data, Data, Bus Parity, Command, Command Parity 
and Status signals. For example, for a 64-bit data path with 
parity, 8 of these transceivers would be needed where each 
transceiver transceives a byte of data and its associated 
parity bit. To transceive the Command and Command Parity 
lines, one transceiver would be needed. Also, only one 
transceiver would be needed to transceive the Status lines. 
NSC provides transceivers for all the Futurebus+ signals 
and an Arbitration Controller. The Handshake Transceiver 
transceives signals that require glitch filtering due to the 
wire-oring of bus lines. The Handshake Transceiver is used 
to transceive the Arbitration Synchronization, Address Syn- 
chronization and Data Synchronization signals. The Arbitra- 
tion Transceiver transceives the Arbitration Bus lines, AB 
<8:0>*. NSC’s Futurebus+ Arbitration Controller works 
with the Arbitration Transceiver and the Handshake Trans- 
ceiver to handle the Arbitration protocol. 


Features 


m Backplane Transceiver Logic (BTL) levels (1V logic 


swing) 

m@ Supports IEEE 896.1 Futurebus+ standard 

@ High impedance TTL compatible inputs 

m™ Built-in bandgap reference provides accurate receiver 
threshold 
Glitch free power up/down protection on all outputs 
44-pin PLCC 
44-pin CLCC 
40-pin Tapepak 
Lower performance 28 pin PLCC package option 
available 
Separate bus ground returns for each driver to minimize 
ground noise 
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Futurebus+ Handshake Transceiver 


General Description 


The Futurebus+ Handshake Transceiver is a member of 
the chipset that National Semiconductor has designed for 
the IEEE 896.1 Futurebus+ standard. It transceives signals 
that require glitch filtering due to the wire-oring of bus lines. 
Both filtered and non-filtered receiver outputs are available 
to allow optimum performance for broadcast as well as sin- 
gle slave transactions. The Handshake Transceiver is in- 
tended to transceive the Arbitration Synchronization, Ad- 
dress Synchronization and Data Synchronization signals. 
NSC provides transceivers for all the Futurebus+ signals 
and an Arbitration Controller. The BTL 9-bit Data Transceiv- 
er or the Latched Data Transceiver can transceive the Ad- 
dress/Data, Data, Bus Parity, Command, Command Parity 
and Status signals. The Arbitration Transceiver transceives 
the Arbitration Bus lines, AB<8:0>*. NSC’s Futurebus+ 
Arbitration Controller works with the Arbitration Transceiver 
and the Handshake Transceiver to handle the Arbitration 
protocol. 


Block Diagram 


Features 

m Backplane Transceiver Logic (BTL) levels (1V logic 
swing) 

m@ Supports IEEE 896.1 Futurebus+ standard 
— Handles all handshake signals 

m High impedance TTL compatible inputs 

B Built-in bandgap reference provides accurate receiver 
threshold - 

m Glitch free power up/down protection on all outputs 

@ Glitch filtered and non-filtered receiver outputs available 

m Glitch reject selectable filtered outputs 

@ 44-pin PLCC 

@ 44-pin CLCC 

mg 40-pin Tapepak 

m Separate bus ground returns for each driver to minimize 
ground noise 
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Futurebus+ Arbitration Transceiver 


General Description 


The Futurebus+ Arbitration Transceiver is a member of the 
chipset that National Semiconductor has designed for the 
IEEE P896.1 Futurebus-+ standard. The Arbitration Trans- 
ceiver supports the Arbitration Protocol. It transceives all 
the Arbitration Bus lines, AB <8:0>*. This transceiver is 
designed to be used in conjunction with a Futurebus+ Arbi- 
tration Controller. NSC’s Futurebus+ Arbitration Controller 
is recommended for this function. Also, NSC provides tran- 
ceivers to transceive all the other Futurebus+ lines. The 
BTL 9-Bit Data Transceiver or the Latched Data Transceiver 
can transceive the Address/Data, Data, Bus Parity, Com- 
mand, Command Parity and Status signal lines. The Hand- 
shake Transceiver transceives signals that require glitch fil- 
tering due to the wire-oring of bus lines. The Handshake 
Transceiver can drive/receive the Arbitration Synchroniza- 
tion, Address Synchronization and Data Synchronization 
signals. 


Features 
m Backplane Transceiver Logic (BTL) levels (1V logic 
swing), open collector 
@ Supports IEEE P896.1 Futurebus+ Arbitration Protocol 
@ High impedance TTL compatible inputs 
m Built in bandgap reference provides accurate receiver 
threshold 
Glitch free power up/down protection on all outputs 
Parity check 
Detects bus status of all asserted 
Performs comparison of arbitration bus numbers and 
board arbitration numbers 
44-pin PLCC 
44-pin CLCC 
40-pin Tapepak 
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Futurebus+ BTL 9-Bit Latching Transceiver 


General Description 


The BTL 9-Bit Latching Transceiver is a member of the chip- 
set that National Semiconductor has designed for the IEEE 
896.1 Futurebus+ standard. It typically transceives the Ad- 
dress/Data, Data, Bus Parity, Command, Command Parity 
and Status signals. For example, for a 64-bit data path with 
parity, 8 of these transceivers would be needed where each 
transceiver transceives a byte of data and its associated 
parity bit. To transceive the Command and Command Parity 
lines, one transceiver would be needed. Also only one 
transceiver would be needed to transceive the Status lines. 
NSC provides transceivers for all the Futurebus+ signals 
and an Arbitration Controller. The Handshake Transceiver 
transceives signals that require glitch filtering due to the 
wire-oring of bus lines. The Handshake Transceiver is used 
to transceive the Arbitration Synchronization, Address Syn- 
chronization and Data Synchronization signals. The Arbitra- 
tion Transceiver transceives the Arbitration Bus lines, AB 
<8:0>*. NSC’s Futurebus+ Arbitration Controller works 
with the Arbitration Transceiver and the Handshake Trans- 
ceiver to handle the Arbitration protocol. 


Connection Diagram 


Features 

m@ Backplane Transceiver Logic (BTL) levels 
(1V logic swing) 

m Supports IEEE 896.1 Futurebus+ standard 

m@ High impedance TTL compatible inputs 

m Built-in bandgap reference provides accurate receiver 
threshold 

m@ Selectable transparent mode in both directions 

Positive edge triggered flip-flop to transmit data from 
An to Bn 

@ Latch option in both directions of data flow 

m Glitch free power up/down protection on all outputs 

@ 44-pin PLCC 

@ 44-pin CLCC 

mg 40-pin TapePak 
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IEEE 896 Futurebus—A 
Solution to the Bus Driving 
Problem 


The IEEE 896 Futurebus is a general-purpose bus standard 
for high-performance microcomputer systems. With a strong 
emphasis on speed and reliability, IEEE 896 offers a num- 
ber of innovative features that are not found in other back- 
plane buses. 


A major contribution to its performance comes from its elec- 
trical specifications. Futurebus solves, for the first time, the 
fundamental problems associated with driving a densely 
populated backplane—as a result, it provides significant im- 
provements in both speed and data integrity. Two years of 
effort by the IEEE 896 committee have culminated in a 
deeper understanding of the physics of the backplane bus, 
leading to an ingenious solution to the bus problem. 


Speed is probably the most important feature of any bus 
standard. This is especially true for Futurebus, since its to- 
tally asynchronous protocol permits continuous speed en- 
hancements through advances in technology. In fact, the 
maximum data transfer rate between any two plug-in cards 
is determined simply by the sum of the response times of 
the two cards and the bus delay. Ultimately, as logic devices 
get faster, bus delay will be the dominating factor limiting 
bus speed. 

There are two components to the bus delay in a typical 
system, namely, the settling time and the propagation delay. 
The settling time is the time needed for reflections and 
crosstalk to subside before data are sampled; it is usually 
several times longer than the backplane propagation delay. 
As will be shown later, the settling time is the price the user 
pays for not driving the bus properly. 

By using a new technology, BTL = Backplane Transceiver 
Logic, Futurebus not only eliminates the settling time delay 
but also reduces the propagation delay of the loaded back- 
plane to provide maximum possible bus throughput. 


THE PHYSICS OF THE BACKPLANE BUS 


For high-speed signals the bus acts like a transmission line 
with an associated characteristic impedance and propaga- 
tion delay whose unloaded values, Zo and typo, are given by 


25 = WC 
too = vL/C 
L = distributed inductance per unit length, and C = distrib- 
uted capacitance per unit length.(1) 
These values can be calculated for a typical microstrip 
backplane (Figure 7) by means of the following equations: 
Zo = (87/Vep + 1.41) 
¢ In [5.98h/(0.8w + 1JQ 
too = 1.017 0.475 e + 0.67 ns/ft 


where e, = relative dielectric constant of the board material 
(typically €, = 4.7 for fiberglass and w,h,t = the dimensions 
indicated in Figure 7. For a typical backplane, t = 1.4 mils, 
w = 25 mils, h = Ag inch, and e, = 4.7. By substituting 
these values we get Z, = 1002 and tpg = 1.7 ns/ft. 
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These values correspond to an unloaded backplane. When 
the backplane is uniformly loaded with the capacitance of 
plug-in cards and connectors at frequent intervals, the load- 
ed values of the impedance, Z,, and the propagation delay, 


tpL, are given by 

ZL = Zo/V¥1 + CL/C) 
where C, = the distributed load capacitance per unit 
length.(1) 
The distributed capacitance, C of the unloaded backplane 
can be measured in the lab. For our microstrip, it is 20 pF/ft. 
This does not include, however, the capacitance of the con- 
nectors mounted on the backplane and the associated plat- 
ed-through holes, which can amount to 5 pF per card slot. 
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TL/F/10782-1 
FIGURE 1. Cross Section of a Microstrip Bus Line 


The loading capacitance of the plug-in card, however, is 
dominated by the loading capacitance of the transceiver, 
which can be 12-20 pF for TTL devices. Allowing another 
3-5 pF for printed-circuit traces and the connector, the total 
loading per card slot can add up to 30 pF. For a system 
such as IEEE 896, which has 12 slots per foot, CL = 360 
pF/ft. Therefore, 


Z, = 100/\1 + (860/20) = 232 
to. = 1.7 V1 + (860720) = 7.41 ns/ft 


As can be seen above, the capacitive loading drastically 
alters both the impedance and the propagation delay of the 
bus. This reduces the bus throughput in two ways. One obvi- 
ous impact is the increased propagation delay. But the not 
so obvious and even more serious problem is the reduced 
bus impedance, which is much harder to drive. 

For example, to drive the loaded bus properly with a TTL 
driver which has a 3V nominal swing, the required drive cur- 
rent, Ip, must be 

Ip = 3V/(Z,/2) 
The impedance seen by the driver is half of ZL, since froma 
given board two transmission lines are being driven, one 
towards each terminator (Figure 2). Therefore, | 
Ip = 3/(23/2) = 260 mA 
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DRIVER 


This is much higher than the standard TTL’s drive capability 
of 50 to 100 mA. Figure 3 shows the effect of using a 50 mA 
driver, in this situation, on the bus waveform. The voltage 
swing on the bus has its first transition at 0.5V, the product 
of the drive current and Z; /2. This value falls well below the 
upper threshold limit of the TTL receiver. Therefore, several 
round-trip delays to the nearest termination are required for 
the waveform to cross the receiver threshold region. \n our 
example, One round-trip delay is 2tp. = 14.8 ns/ft. There- 
fore the settling times can exceed 100 ns even for relatively 
short buses. This long settling time drastically affects bus 
throughput at high speeds. Even worse, the voltage steps in 
the threshold region can cause multiple triggering in the 
cases of the clock and strobe signals. 


One way to solve these problems is to use 100 mA drivers 
with precision receivers that have a narrow threshold region 
such that the first transition crosses well over the threshold. 
This technique is widely used for clock lines to avoid multi- 
ple triggering. Its use on data/address lines is limited be- 
cause of the significantly higher power requirement arising 
from the large number of lines involved (32 address/data 
lines). 

Even if power is not a limitation, switching to higher current 
drivers provides only a marginal improvement. The reason 
for this is quite simple. A higher current driver unfortunately 
has a higher output capacitance, which reduces the bus im- 
pedance further. This in turn requires an even higher current 
drive for proper operation. 


The Futurebus Transceiver 


A more elegant solution—one that is now a part of IEEE 
896—directly attacks the root of the problem, namely, the 
large output capacitance of the transceiver. By simply add- 
ing a Schottky diode in series with an open-collector driver 
output, the capacitance of the drive transistor is isolated by 
the small reverse-biased capacitance of the diode in the 
non-transmitting state (Figure 4). The Schottky diode capac- 
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TL/F/10782-2 
FIGURE 2. The Loaded Bus—Each Driver Sees Two Loaded Line Impedances in Parallel (Z,|[2, = 21,2). 


itance is typically less than 2 pF and is relatively indepen- 
dent of the drive current. Allowing for a receiver input ca- 
pacitance of another 2 pF, the total loading of the Future- 
bus transceiver can be kept under 5 pF. IEEE 896 specifies 
a maximum plug-in card capacitance of 10 pF to accommo- 
date the 5 pF trace and connector capacitances. 


In addition to reducing the loading on the bus, the Futurebus 
transceiver features several other enhancements over a 
conventional TTL transceiver that drastically reduce power 
consumption and improve system reliability. 


A major portion of the power savings comes from a reduced 
voltage swing—1V—on the bus. Contrary to popular belief, 
the lower swing does not reduce crosstalk immunity (provid- 
ed the receiver threshold is tightly controlled).(2) The in- 
duced crosstalk from other lines on the bus scales down 
with the amplitude of the signal transistion causing it. Con- 
sequently, if a line receiver has a precision threshold, the 
noise margin, expressed as a percentage of signal ampli- 
tude, remains the same, as does the crosstalk immunity. 
However, the absolute noise margin, with reference to a 
noise source external to the bus, does shrink linearly with 
amplitude. Fortunately, the low impedance and the relatively 
short length of the bus make this externally generated noise 
component insignificant in high-speed backplanes. Never- 
theless, it is recommended that the backplane be shielded 
from strong noise sources external to the bus. 


Noise Immunity and EMI 


The Futurebus transceiver has a precision receiver thresh- 
old centered between the low and high bus levels of 1 and 
2.1V, respectively (Figure 5). Confined to a narrow region of 
1.55V +75 mV (1.47V to 1.62V), the threshold voltage is 
independent of Vcc and temperature. This tight threshold 
control is achieved by using an internal bandgap reference 
at the receiver input (Figure 4). And with the smaller 1V 
swing, EMI is also reduced threefold compared with TTL. 
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DRIVE CURRENT 


The backplane impedance in IEEE 896 is specified as 502 
minimum and 62 maximum with the connectors mounted. 
In our microstrip example, due to the connector and the 
plated-through holes, a 509 minimum impedance translates 
into a maximum allowable capacitance of 4 pF per slot. This 
can be easily attained with some care in printed-circuit 
board design. A fully loaded Futurebus backplane therefore, 
has an impedance whose worst-case value is given by 


Zire Bop dee = 
20+ 4¢10 
= 310, 
The drive current required for a 1V swing is 
Ip = 1/(31/2) 


However, with a precision receiver threshold it is possible 
for the driver to swing past the threshold with a comfortable 
margin even if the first step climbs to only 75 percent of the 
final amplitude under worst-case loading (see again Figure 
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FIGURE 3. TTL Bus Waveforms— 
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FIGURE 5. IEEE 896 Signaling Levels and the 
Worst-Case Bus Waveform 


5). Therefore, the drive current can be reduced by 25 per- 
cent to save power, without affecting performance: 
1 


[ll ie = A 
Ib = 5479 0-75 = 48m 









BUS OUTPUT WAVEFORM 
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FIGURE 4. The Futurebus Transceiver 
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FIGURE 6. The Futurebus Termination Circuit 


OTHER HIGHLIGHTS 


Bus Propagation Delay 


There is an additional benefit resulting from reducing the 
capacitive loading on the bus. This benefit arises from the 
reduced propagation delay, which further improves the bus 
speed. 


Recalculating the loaded propagation delay for the Future- 
bus transceiver yields 


tpL = tpov1 + (C_/C) 
a (10 + 4) 10 


1.7 
20 


4.81 ns/ft 


This is a 30-percent improvement over the TTL example. It 
should be noted that this is the worst-case delay per foot 
and that the asynchronous nature of the Futurebus protocol 
will take full advantage of lower propagation delays in a 
typical system, either due to lower loading levels or due to 
the closer spacing of two plug-in boards that are in commu- 
nication. 


Termination 


The drive current and the signal swing determine the termi- 
nation resistors. If the drive current is derived properly, the 
termination will match the bus impedance under the given 
loading. For IEEE 896, the value of each of the two termina- 
tion resistors, Rr, is 


1V 
Ry = {(—— ] 2 = 42n = 390 
t (=) 


This value is greater than the loaded impedance of the Fu- 
turebus, because the drive current is only 75 percent of that 
required for a full swing on the first transition. However, ina 
practical bus the impedance varies with various load condi- 
tions, and therefore the above termination value is a good 
compromise between the worst-case values of the bus im- 
pedances of 31 and 500. 

The P896 draft requires that the bus be terminated at both 
ends, with a single resistor of 39 connected to an active 
voltage source of 2V (Figure 6). This arrangement has a 
significantly lower power dissipation than a ‘“Thévenin- 
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equivalent” two-resistor termination connected to ground 
and the 5V rail. The 2V source is derived from the 5V supply 
using a potential divider followed by a buffer; the source can 
be shared among all the bus lines as long as it is properly 
bypassed for alternating current close to each resistor. 


Wire-OR Glitch 


One of the advantages of an open-collector bus is a wire- 
OR capability. This feature is fully exploited in the IEEE 896 
bus, particularly in its sophisticated arbitration protocol and 
broadcast mechanism. Unfortunately, due to the fundamen- 
tal nature of transmission lines, wire-ORing on the bus can 
cause erroenous glitches having pulse widths of up to the 
round-trip delay of the bus. The analysis of the wire-OR 
glitch is covered well by Theus and Gustavson.(5) 


To overcome the wire-OR glitch, the broadcast acknowl- 
edge lines (Al* and DI*) and the three arbitration control 
lines are required to have integrators at the output of the 
receiver capable of rejecting pulses having widths of up to 
the maximum round-trip delay of the bus. 


And More 


Geographic addressing and live insertion and withdrawal ca- 
pability are some of the other highlights of Futurebus. 


The reader is encouraged to read the draft proposal,(®) and 
the article by Theus and Borrill in this issue, for more details. 


The electrical specification of Futurebus is based on a thor- 
ough knowledge of backplane operation. A combination of 
theoretical analysis and bench measurements has been 
used to create an electrically clean bus environment. Signifi- 
cant improvements have been made in favor of higher per- 
formance—at the expense of only a slight increase in to- 


‘day’s cost and complexity—to assure a long design lifetime 


for the standard. The result is a proposed standard that has 
the performance, in terms of both speed and reliability, to 
justify the name, “Futurebus”’. 


ACKNOWLEDGEMENT 


| would like to thank Paul Borrill for his help and encourage- 
ment in finding this solution to the bus driving problem. 





REFERENCES 

. Motorola MECL System Design Handbook, Motorola, 
Inc., Phoenix, AZ. 

. R. V. Balakrishnan, ‘Reducing Noise on Microcomputer 
Buses”, /EOCN 82—Professional Workshop Record on 
Microcomputer Realities, Nov. 1982. 

. R. V. Balakrishnan, “Cut Bus Reflections, Crosstalk with 
a Trapezoidal Transceiver’, EDN, Aug. 4, 1983, pp. 151- 
156. 


4. R. V. Balakrishnan, “Eliminating Crosstalk Over Long- 
Distance Busing’. Computer Design, Mar. 1982, 
pp. 155-162. 

5, John Theus and David B. Gustavson, ‘“Wire-OR Logic on 
Transmission Lines”, /EEE Micro, Vol. 3, No. 3, June 
1983, pp. 51-55. 





LZ9-NV 


DP8303A 


ZA National 


Semiconductor 


DP8303A 8-Bit TRI-STATE® 
Bidirectional Transceiver (Inverting) 


General Description 


This family of high speed Schottky 8-bit TRI-STATE bidirec- 
tional transceivers are designed to provide bidirectional 
drive for bus oriented microprocessor and digital communi- 
cations systems. They are all capable of sinking 16 mA on 
the A ports and 48 mA on the B ports (bus ports). PNP 
inputs for low input current and an increased output high 
(Vox) level allow compatibility with MOS, CMOS, and other 
technologies that have a higher threshold and less drive 
capabilities. In addition, they all feature glitch-free power 
up/down on the B port preventing erroneous glitches on the 
system bus in power up or down. 


DP8303A and DP7304B/DP8304B are featured with Trans- 
mit/Receive (T/R) and Chip Disable (CD) inputs to simplify 
control logic. For greater design flexibility, DP8307A and 
DP7308/DP8308 are featured with Transmit (T) and 
Receive (R) control inputs. 


Logic and Connection Diagrams 
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Logic Table 


Features 

@ 8-bit directional data flow reduces system package 
count 

@ Bidirectional TRI-STATE inputs/outputs interface with 
bus oriented systems 

m@ PNP inputs reduce input loading 

@ Output high voltage interfaces with TTL, MOS, and 
CMOS 

m@ 48 mA/300 pF bus drive capability 

m Pinouts simplify system interconnections 

m@ Transmit/Receive and chip disable simplify contro! logic 

= Compact 20-pin dual-in-line package 

@ Bus port glitch free power up/down 


Dual-In-Line Package 


CHIP DISABLE 


GND TRAN/REC. 


TL/F/5856-2 
Top View 
Order Number DP8303AJ or DP8303AN 
See NS Package Number J20A, N20A 


Resulting Conditions 


Chip Disable Transmit/Receive | APort =| = BPort | 
Orn 


por 





TRISTATE | TRISTATE 


X = Don’tcare 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specifled devices are required, Storage Temperature -65°C to + 150°C 
please contact the National Semiconductor Sales Lead Temperature (soldering, 4 seconds) 260°C 
Office/Distributors for availability and specifications. 
Supply Voltage 7V Recommended Operating 
Input Voltage 5.5V Conditions 
Output Voltage 5.5V 
Maximum Power Dissipation* at 25°C Supply Voltage (Vcc) 

Cavity Package 1667 mW DP8303A 

Molded Package 1832 mW Temperature (Ta) 


*Derate cavity package 11.1 mW/°C above 25°C; derate molded package 
14.7 mW/°C. DP8303A 


veoesda 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol | _Parameter__—|_— Conditions, | in' | Typ 

A PORT (A0-A7) 
Logical "1" input Voltage [| CO=VT/R=20v | eo | 
Logical"O" InputVottage | CD=Vut/R=20v | |e 
Logical ‘1 Output Voltage | CD = T/R = Vi. | lon = -0.4mA | Voco-1.15| Voc-07{ | 


aia flow==3ma | 27 | 395 | 
Logical “0” Output Voltage | CD = T/R = Vi lo. = 16mA tl. si .86gbe | 
ae flon=sma | | os | | 


Output Short Circuit CD = Vi, T/R = Vi, Vo = OV, ine _75 
Current Vcc = Max, (Note 4) 


Logical “1” Input Current | CD = Vi, T/R = 2.0V, Viy = 2.7V eee eae 


Input Current at Maximum | CD = 2.0V, Voc = Max, Viq = 5.25V j 
Input Voltage 


CD = Vi. T/A = 2.0V, Vin = 0.4V a Se 
[Input Clamp Voltage | CD=20VIy=-12mA | | -07__ | ~ 15 | 
Output/Input CD = 2.0 [vw=o4v | || = 200 
Pee vw=4ov | | 80 
B PORT (B0-B7) 

Logical“1" Input Voltage | CD=VuWA=W | | 
| Logical “o" Input Voltage | CD=VTA=W | Tr 
Logical “1 Output Voltage | CD = Wi, T/R = 2.0V | Ioy= —0.4mA | Voc— 1.15] Voc-08 | | 
Mees 27 

Logical “0” Output Voltage | CD = Vi, T/A = 2.0V 


Output Short Circuit CD = Vi, T/R = 2.0V, Vo = OV, 
Current Voc = Max, (Note 4) 


Logical 1” Input Current | CD = Vj,,T/R = Vit, Vin = 2.7V 


{nput Current at Maximum | CD = 2.0V, Vcc = Max, Vip = 5.25V 
Input Voltage 


Logica! “0” Input Current | CD = Vi, T/R = Vi, Vin = 0.4V 


input Clamp Voltage CD = 2.0V,lin=—12mA Pe. 5 dl 


Output/Input CD = 2.0V 
TRI-STATE Current 
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DP8303A 


DC Electrical Charcateristics (Notes 2 and 3) (Continued) 


Symbol Conditions | Min | typ | Max | Units 


CONTROL INPUTS CD, T/R 


VCLAMP 


Logical"i"InputVotage | | 
[ Logical“o" inputvottage | 

Logical'1" InputGurent | V=27v ||| 
Voc = Max, Viy = 5.25V Pies | 


Vit = 0.4V 


Logical “0” Input Current 


Input Clamp Voltage lin = —12mA 


POWER SUPPLY CURRENT 


Power Supply Current 


CD = 2.0V, Vin, Voc = Max 


CD = 0.4V, Vina = T/R = 2V, Voc = Max 





AC Electrical Characteristics voc = 5v, Ta = 25°C 


symbol | Parameter, | Conditions, | in | Typ | Max | Units 


A PORT DATA/MODE SPECIFICATIONS 


tpoLHA 


Propagation Delay to a Logical “0” from 
B Port to A Port 


Propagation Delay to a Logical “1” from 
B Port to A Port 


Propagation Delay from a Logical “0” to 
TRI-STATE from CD to A Port 


Propagation Delay from a Logical “1” to 
TRI-STATE from CD to A Port 


Propagation Delay from TRI-STATE to 
a Logical “0” from CD to A Port 


Propagation Delay from TRI-STATE to 
a Logical “1” from CD to A Port 


B PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical “0” from 
A Port to B Port 


Propagation Delay to a Logical “1” from 
A Port to B Port 


Propagation Delay from a Logical “0” to 
TRI-STATE from CD to B Port 


Propagation Delay from a Logical ‘1” to 
TRI-STATE from CD to B Port 


Propagation Delay from TRI-STATE to 
a Logical “0” from CD to B Port 


Propagation Delay from TRI-STATE to 
a Logical “1” from CD to B Port 


= 0.4V, T/R = 0.4V (Figure A) 

= 1k, R2 = 5k,C1 = 30pF 
CD = 0.4V, T/R = 0.4V (Figure A) 
R1 = 1k, R2 = 5k, C1 = 30 pF 
BO to B7 = 2.4V, T/R = 0.4V (Figure C) 
$3 = 1,R5 = 1k,C4 = 15pF 
BO to B7 = 0.4V, T/R = 0.4V (Figure C) 
S3 = 0,R5 = 1k, C4 = 15pF 
BO to B7 = 2.4V; T/R = 0.4V (Figure C) 
S3 = 1,R5 = 1k, C4 = 30 pF 
BO to B7 = 0.4V, T/R = 0.4V (Figure C) 
S3 = 0, R5 = 5k, C4 = 30 pF 


= 0.4V, T/R = 2.4V (Figure A) 
= 100M, R2 = 1k,C1 = 300 pF 
6672, R2 = 5k,C1 = 45 pF 


CD = 0.4V, T/R = 2.4V (Figure A) 
R1 = 1009, R2 = 1k, C1 = 300 pF 
Ri = 6679, R2 = 5k, C1 = 45 pF 


AO to A7 = 2.4V, T/R = 2.4V (Figure C) 
$3 = 1,R5 = 1k,C4 = 15pF 


AO to A7 = 0.4V, T/R = 2.4V (Figure C) 
$3 = 0,R5 = 1k,C4 = 15pF 


AO to A7 = 2.4V, T/R = 2.4V (Figure C) 
$3 = 1,R5 = 100, C4 = 300 pF 

S3 = 1,R5 = 6670, C4 = 45 pF 

AO to A7 = 0.4V, T/R = 2.4V (Figure C) 
S3 = 0,R5 = 1k, C4 = 300 pF 

S3 = 0,R5 = 5k, C4 = 45 pF 





AC Electrical Characteristics voc = 5v, Ta = 25°C (Continued) 


Symbol Conditions |min| Typ | Max | units 


TRANSMIT/RECEIVE MODE SPECIFICATIONS 


Propagation Delay from Transmit Mode to 
Receive a Logical “0”, T/R to A Port 


Propagation Delay from Transmit Mode to 
Receive a Logical 1", T/R to A Port 


Propagation Delay from Receive Mode to 
Transmit a Logical “0”, T/R to B Port 


Propagation Delay from Receive Mode to 
Transmit a Logica! 1”, T/R to B Port 


CD = 0.4V (Figure B) 
S1 = 1,R4 = 1009, C3 = 5pF 
S2 = 1,R3 = 1k, C2 = 30pF 


CD = 0.4V (Figure 8) 
S1 = 0,R4 = 1009, C3 = 5pF 
$2 = 0,R3 = 5k, C2 = 30pF 


CD = 0.4V (Figure B) 

$1 = 1,R4 = 1009, C3 = 300 pF 
$2 = 1,R3 = 3000, C2 = 5 pF 
CD = 0.4V (Figure B) 

S1 = 0, R4 = 1k, C3 = 300 pF 
S2 = 0, R3 = 300N, C2 = 5 pF 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended Operating Conditions. All 


typical values given are for Voc = 5V and Ta = 25°C. 


Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 


Note 4: Only one output at a time should be shorted. 


Switching Time Waveforms and AC Test Circuits 


OUTPUT 
Bn OR An 


PULSE 
GENERATOR 


Note: C1 includes test fixture capacitance. 


tr =te < 10ns 
10% TO 90% 


TL/F/5856-3 


OUTPUT 


DEVICE 
UNDER 
TEST 


TL/F/5856-4 


FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 
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DP8303A 


tr = te < 10ns 
10% TO 90% 


TL/F/5856~5 


DEVICE 
UNDER 
TEST 


PULSE 
GENERATOR 


Note: C2 ad C3 include test fixture capacitance. 


TL/F/5856-6 


FIGURE B. Propagation Delay from T/R to A Port or B Port 


3V 
te = te < 10ns 
cD : 10% TO 90% 


OV 


PORT OUTPUT 


PORT OUTPUT 


TL/F/5856-7 


PORT 
OUTPUT 


DEVICE L 
UNDER S3=1 
TEST Vec 


GENERATOR 


TL/F/5856-8 
Note: C4 includes test fixture capacitance. Port input is in a fixed logical condition. See AC table. 


FIGURE C. Propagation Delay to/from TRI-STATE from CD to A Port or B Port 
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ZA National 


Semiconductor 


DP7304B/DP8304B 8-Bit TRI-STATE® 
Bidirectional Transceiver (Non-Inverting) 


General Description 


The DP73048B/DP8304B are high speed Schottky 8-bit 
TRI-STATE bidirectional transceivers designed to provide 
bidirectional drive for bus oriented microprocessor and digi- 
tal communications systems. They are all capable of sinking 
16 mA on the A ports and 48 mA on the B ports (bus ports). 
PNP inputs for low input current and an increased output 
high (Voy) level allow compatibility with MOS, CMOS, and 
other technologies that have a higher threshold and less 
drive capabilities. In addition, they all feature glitch-free 
power up/down on the B port preventing erroneous glitches 
on the system bus in power up or down. 


DP7304B/ DP8304B are featured with Transmit/Receive 
(T/R) and Chip Disable (CD) inputs to simplify control logic. 


Logic and Connection Diagrams 


2 
o 


THE 


o 
~ 


iio 


0 TRANSMIT/RECEIVE 
(T/A) 


CHIP DISABLE 
(CD) 


TL/F/8793-1 


Logic Table 


Chip Disable Transmit/Receive 





eae eae 


X = Don’t Care 


Features 

m 8-bit bidirectional data flow reduces system package 
count 

m Bidirectional TRI-STATE inputs/outputs interface with 
bus oriented systems 

m PNP inputs reduce input loading 

m™ Output high voltage interfaces with TTL, MOS, and 
CMOS 

m 48 mA/300 pF bus drive capability 

 Pinouts simplify system interconnections 

m Transmit/Receive and chip disable simplify control logic 

m Compact 20-pin dual-in-line package 

Bus port glitch free power up/down 


Dual-In-Line Package 


CHIP DISABLE 


GNO TRAN/REC 


TL/F/8793-2 
Top View 
Order Number DP7304BJ, DP8304Bu, 
DP8304BN or DP8304BWM 
See NS Package Number J20A, N20A or M20B 


Resulting Conditions 


TRI-STATE 
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DP7304B/DP8304B 


Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Min Max 
Office/Distributors for avallability and specifications. Supply Voltage (Vcc) 


Supply Voltage 7 DP7304B 4.5 5.5 
Input Voltage 5.5V DP8304B 


Output Voltage 5.5V Temperature (Ta) 
Storage Temperature —65°C to + 150°C DP7304B 


Maximum Power Dissipation* at 25°C DP8304B 
Cavity Package 1667 mW 
Molded Package 1832 mW 


Lead Temperature (soldering, 4 sec.) 260°C 


*Derate cavity package 11.1 mW/°C above 25°C; derate molded package 
14.7 mW/°C above 25°C. 


DC Electrical Characteristics (notes 2 and 3) 


symbol] Parameter | Condiions, =| Min | Typ_| Max | units 
A PORT (A0-A7) 
Logical 1” InputVolage |CD=VuA=20v fo | 
perwretien [prereset  [eeos—- Tar 
orraoas | | | | 
Logical “1” Output Voltage | CD = Vi, T/A = Vit ion = —0.4mA|Voo-1.15|Voc-0.7| _| 


Logical “0” Output Voltage | CD = T/R = Vi. | lo. = 16 mA (83048) FT oss | os | 
lo. = 8 mA (both) | | os | on | 


Output Short Circuit CD = Vi, T/R = Vi, Vo = OV, 
Current Voc = Max (Note 4) 


Logical “1” Input Current | CD = Vj, T/R = 2.0V, Viy = 2.7V 


Input Voltage 
CD = Vi, T/A = 2.0V, Vin = 0.4V 
Output/Input CD = 2.0V vweoav | — 200 


TRI-STATE Current 


B PORT (BO-B7) 


Logical!" Input Voltage [CO=ViT/A=Vu || 
Logical ‘0’ Input Voltage oom Met= vy fpesmoee__{_/}__o8 
| orrsoae | |r 
Logical “1” Output Voltage | CD = Vi_, T/A = 2.0V Voc—0.8 
39 





| 
Logical “0” Output Voltage | CD = V),, T/R = 2.0V lo. = 20 mA a 
ln=4ema | | 
Output Short Circuit _ | CD = ViL, T/R = 2.0V, Vo = OV, 

Current Voc = Max (Note 4) 
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DC Electrical Characteristics (notes 2 and 3) (Continued) 


ViH 
Vit 


loc 


Input Current at Maximum CD = 2.0V, Voc = Max, Vip = 5.25V 

Input Voltage 

Logical “0” Input Current CD = Vi, T/R = Vit, Vin = 0.4V 

Input Clamp Voltage CD = 2.0V, lin = —12mA es Ah seOre Ste | 


Output/tnput CD = 2.0V 
TRI-STATE Current 


CONTROL INPUTS CD, T/R 


Logical “0” Input Voltage DP8304B 
DP7304B 


Logical “1” Input Current Vin = 2.7V 
Maximum Input Current Voc = Max, Viyq = §.25V 


Logical ‘‘0” Input Current Vit = 0.4V 
| 
Vctamp | Input Clamp Voltage lin = —12mA 


POWER SUPPLY CURRENT 


Power Supply Current 


CD = Vina = 0.4V, T/R = 2V, Voc = Max 


AC Electrical Characteristics voc = 5v, Ta = 25°C 


symbol | Parameter | Conditions, | Min | Typ | Max | Units 


A PORT DATA/MODE SPECIFICATIONS 


tPDLHA 


Propagation Delay to a Logical “‘0” from 
B Port to A Port 


Propagation Delay to a Logical “1” from 
B Port to A Port 


Propagation Delay from a Logical ‘‘O” to 
TRI-STATE from CD to A Port 


Propagation Delay from a Logical ‘‘1” to 
TRI-STATE from CD to A Port 


Propagation Delay from TRI-STATE to 


a Logical “0” from CD to A Port 


Propagation Delay from TRI-STATE to 
a Logical ‘*1” from CD to A Port 


B PORT DATA/MODE SPECIFICATIONS 


tPDHLB 


tppLHB 


Propagation Delay to a Logical “0” from 
APort to B Port ~ 


Propagation Delay to a Logical “1” from 
A Port to B Port 


CD = 0.4V, T/R = 0.4V (Figure A) 
R1 = 1k, R2 = 5k, C1 = 30pF 


CD = 0.4V, T/R = 0.4V (Figure A) 
R1 = 1k, R2 = 5k,C1 = 30pF 


BO to B7 = 0.4V, T/R = 0.4V (Figure C) 
$3 = 1,R5 = 1k, C4 = 15pF 


BO to B7 = 2.4V, T/R = 0.4V (Figure C) 
$3 = 0,R5 = 1k,CR = 15pF 


BO to B7 = 0.4V, T/R = 0.4V (Figure C) 
$3 = 1,R5 = 1k,C4 = 30pF 


BO to B7 = 2.4V, T/R = 0.4V (Figure C) 
$3 = 0, R5 = 5k, C4 = 30 pF 


CD = 0.4V, T/R = 2.4V (Figure A) 
R1 = 1009, R2 = 1k,C1 = 300 pF 
R1 = 6679, R2 = 5k,C1 = 45 pF 
CD = 0.4V, T/R = 2.4V (Figure A) 
R1 = 1009, R2 = 1k, C1 = 300 pF 
R1 = 6670, R2 = 5k, C1 = 45pF 
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AC Electrical Characteristics voc = sv, Ta = 25°C (Continued) 


Symbol Conditions [ min | Typ | Max | Units 


B PORT DATA/MODE SPECIFICATIONS (Continued) 


DP7304B/DP8304B 


Propagation Delay from a Logical “0” to 
TRI-STATE from CD to B Port 


Propagation Delay from a Logical “1” to 
TRI-STATE from CD to B Port 


Propagation Delay from TRI-STATE to 
a Logical ‘“‘0” from CD to B Port 


Propagation Delay from TRI-STATE to 
a Logical “1” from CD to B Port 


AO to A7 = 0.4V, T/R = 2.4V (Figure C) 

S3 = 1,R5.= 1k,C4 = 15pF 

AO to A7 = 2.4V, T/R = 2.4V (Figure C) 

S3 = 0, R5 = 1k,C4 = 15pF 

AO to A7 = 0.4V, T/R = 2.4V (Figure C) 
$3 = 1,R5 = 1000, C4 = 300 pF 
S3 = 1,R5 = 6679, C4 = 45 pF 

A0 to A7 = 2.4V, T/R = 2.4V (Figure C) 
$3 = 0, R5 = 1k, C4 = 300 pF 


S3 = 0, R5 = 5k, C4 = 45 pF 
TRANSMIT/RECEIVE MODE SPECIFICATIONS 


Propagation Delay from Transmit Mode to 
Receive a Logical “0”, T/R to A Port 


CD = 0.4V (Figure 8) 
S1 = 0,R4 = 1009, C3 = 5pF 
S2 = 1,R3 = 1k,C2 = 30pF 


CD = 0.4V, (Figure B) 
Si = 1,R4 = 1000, C3 = 5pF 
S2 = 0, R3 = 5k, C2 = 30 pF 


CD = 0.4V (Figure B) 

S1 = 0, R4 = 1k, C3 = 300 pF 

S2 = 1,R3 = 3000, C2 = 5pF 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 
Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended Operating Conditions. All 
typical values given are for Vocg = 5V and Ta = 25°C. 
Note 3; All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. : : , 


Propagation Delay from Transmit Mode to 


Receive a Logical 1”, T/R to A Port 


Propagation Delay from Receive Mode to 
Transmit a Logical “1”, T/R to B Port 





Switching Time Waveforms and AC Test Circuits 


3V 


th =te < 10ns 
10% TO 90% 


'PDLH 


OUTPUT 
Bn OR An 


TL/F/8793-3 


OUTPUT 
0 


DEVICE 


PULSE 
GENERATOR at 


; eee 5 TL/F/8793-4 
Note: C1 includes test fixture capacitance. 


FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 
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Switching Time Waveforms and AC Test Circuits (Continuea) 


tp = tf < 10ns 
10% TO 90% 


OUTPUT 


DEVICE 
UNDER 
TEST 


TL/F/8793-5 


TL/F/8793-6 


Note: C2 and C3 include test fixture capacitance. = 
FIGURE B. Propagation Delay from T/R to A Port or B Port 


3V 
te = te < 10ns 
co 10% TO 90% 


OV 


PORT OUTPUT 


PORT OUTPUT 


PORT 
OUTPUT 


DEVICE 4 
UNDER $3 


PULSE TEST 
GENERATOR 


Note: C4 includes test fixture capacitance. 


Port input is in a fixed logical 
condition. See AC table. 


FIGURE C. Propagation Delay to/from TRI-STATE from CD to A Port or B Port 
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TL/F/8793-7 


TL/F/8793-8 
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DP8307A 


ZANationat 


Semiconductor 


DP8307A 8-Bit TRI-STATE® 
Bidirectional Transceiver (Inverting) 


General Description 


The DP8307A is a high speed Schottky 8-bit TRI-STATE 
bidirectional transceiver designed to provide bidirectional 
drive for bus oriented microprocessor and digital communi- 
cations systems. It is capable of sinking 16 mA on the A 
ports and 48 mA on the B ports (bus ports). PNP inputs for 
low input current and an increased output high (Voy) level 
allow compatibility with MOS, CMOS, and other technolo- 
gies that have a higher threshold and less drive capabilities. 
In addition, it features glitch-free power up/down on the B 
port preventing erroneous glitches on the system bus in 
power up or down. 

DP8303A and DP7304B/DP8304B are featured with Trans- 
mit/Receive (T/R) and Chip Disable (CD) inputs to simplify 
control logic. For greater design flexibility, DP8307A and 
DP7308/DP8308 is featured with Transmit (T) and 
Receive (R) control inputs. 


Logic and Connection Diagrams 


[se 


| 

| 
Al L 
poole 
ct 
io 
so—{_ 
A1O—_ 


TRANSMIT 
(T) 
TL/F/8794-1 


Logic Table 


Control ew = Resulting Conditions 
Trent | Receve | apo | ePon _ 


eae ea TRESTATE | TRISTATE 


‘This is not an intended logic condition and may cause oscillations. 


Features 

@ 8-bit bidirectional data flow reduces system package 
count 

a Bidirectional TRI-STATE inputs/outputs interface with 
bus oriented systems 

g PNP inputs reduce input loading 

m= Output high votlage interfaces with TTL, MOS, and 
CMOS 

m 48 mA/300 pF bus drive capability 

g Pinouts simplify system interconnections 

m Independent T and R controls for versatility 

w Compact 20-pin dual-in-line package 

m Bus port glitch free power up/down 


Dual-In-Line Package 





TL/F/8794-2 
Top View 


Order Number DP8307AJ or DP8307AN 
See NS Package Number J20A or N20A 
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Absolute Maximum Ratings (note 1) 


tf Military/Aerospace specified devices are required, Lead Temperature (soldering, 4 sec.) 260°C 
please contact the National Semiconductor Sales Storage Temperature ~65°C to + 150°C 
Office/Distributors for availability and specifications. 


Supply Voltage 7V Recommended Operating 


Input Voltage aad Conditions 
Output Voltage 5.5V Min Max 


Maximum Power Dissipation* at 25°C Supply Voltage (Vcc) 4.75 5.25 


Cavity Package 1667 mW 
Molded Package 1832 mW Temperature (Ta) 0 70 


*Derate cavity package 11.1 mW/°C above 25°C; derate molded package 
14.7 mW/°C above 25°C. 


DC Electrical Characteristics (notes 2 and 3) 


Symbol| Parameter | Conditions, =| Min 
A PORT (A0-A7) 
Logical “0” Input Voltage T a ey 
Logical 1” Output Voltage | T = 2.0V, R = Vi. 
Logical “0” Output Voltage | T = 2.0V, 
Output Short Circuit T = 2.0V,R = Vi, Vo = OV, 
Current Voc = Max, (Note 4) 
Logical ‘*1” Input Current la, oes? | 


Input Current at Maximum 
Input Voltage 





Logical “0” Output Voltage | T = Vi_,R = 2.0V lo. = 20mA 
lo. = 48 mA 


Output Short Circuit T = Vi, R = 2.0V, Vo = OV, 
Current Voc = Max, (Note 4) 


Logical 1” Input Current. | T = 2.0V,R = Vy, Vin = 2.7V 


Input Current at Maximum 
Input Voltage 
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DP8307A 


Logical 1” Input Voltage 
Logical “0” Input Voltage 
Logical “1” Input Current 


Maximum Input Current 


Vin = 2.7V 


AC Electrical Characteristics voc = 5v, Ts = 25°C 


symbol | ___——Parameter_ =| Concitions_ | Min | Typ | Max | units 


A PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical ‘‘0” from 
B Port to A Port 


Propagation Delay to a Logical “1” from 
B Port to A Port 


Propagation Delay from a Logical ‘‘0” to 
TRI-STATE from R to A Port 


Propagation Delay from a Logical ‘‘1” to 
TRI-STATE from R to A Port 


Propagation Delay from TRI-STATE to 
a Logical “0” from R to A Port 


Propagation Delay from TRI-STATE to 
a Logical “1” from R to A Port 


B PORT DATA/MODE SPECIFICATIONS 
Propagation Delay to a Logical “0” from 


tpDLHA 


A Port to B Port 


Propagation Delay to a Logical “1” from 
A Port to B Port 


tpDLHB 


Propagation Delay from a Logical ‘‘0” to 
TRI-STATE from T to B Port 


Propagation Delay from a Logical “1” to 
TRI-STATE from T to B Port 


Propagation Delay from TRI-STATE to 
a Logical “0” from T to B Port 


Propagation Delay from TRI-STATE to 
a Logical “1” from T to B Port 


T = 2.4V, A = 0.4V (Figure A) 
Ri = 1k, R2 = 5k,C1 = 30pF 


T = 2.4V, R = 0.4V (Figure A) 
R1 = 1k, R2 = 5k,C1 = 30 pF 


BO to B7 = 2.4V, T = 2.4V (Figure B) 
$3 = 1,R5 = 1k,C4 = 15 pF 


BO to B7 = 0.4V, T = 2.4V (Figure B) 
S3 = 0,5 = 1k, C4 = 15pF 


BO to B7 = 2.4V, T = 2.4V (Figure B) 
S3 = 1,R5 = 1k,C4 = 30pF 


BO to B7 = 0.4V, T = 2.4V (Figure B) 
$3 = 0,R5 = 5k, C4 = 30pF 


T = 0.4V, R = 2.4V (Figure A) 
Ri = 100, R2 = 1k, C1 = 300 pF 
Rt = 6679, R2 = 5k, C1 = 45 pF 


T = 0.4V,R = 2.4V (Figure A) 
R1 = 1009, R2 = 1k,C1 = 300pF 
R1 = 6679, R2 = 5k, C1 = 45 pF 


AO to A7 = 2.4V, R = 2.4V (Figure B) 
S3 = 1,R5 = 1k,C4 = 15 pF 


AO to A7 = 0.4V, R = 2.4V (Figure B) 
S3 = 0, R5 = 1k,C4 = 15 pF 


AO to A7 = 2.4V, R = 2.4V (Figure B) 
$3 = 1,R5 = 100, C4 = 300 pF 
$3 = 1,R5 = 6679, C4 = 45pF 

A0 to A7 = 0.4V, R = 2.4V (Figure 8) 
$3 = 0, R5 = 1k, C4 = 300 pF 

S3 = 0, R5 = 5k, C4 = 45 pF 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended Operating Conditions. All 


typical values given are for Voc = 5V and Ta = 25°C. 


Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 


Note 4: Only one output at a time should be shorted. 
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3V 
ty =t¢ < 10ns 


10% TO 90% 


OUTPUT 
Bn OR A, 


TL/F/8794-3 


OUTPUT 


DEVICE 


PULSE 
GENERATOR uneer 


TL/F/8794-4 


Note: C1 includes test fixture capacitance. 
FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 


3V 
ty = te < 10ns 
CONTROL INPUT : 10% TO 90% 


OV 


PORT OUTPUT 


PORT OUTPUT 
TL/F/8794-5 


PORT 


CONTROL OUTPUT 
INPUT 


DEVICE = 
UNDER aa! 
TEST 


PULSE = ane 
GENERATOR RORT 


TL/F/8794-6 


Note: C4 includes test fixture capacitance. Port input is in a fixed logical condition. See AC Table. 


FIGURE B. Propagation Delay to/from TRI-STATE from R to A Port and T to B Port 
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VZ0E8dd 


DP7308/DP8308 


ZA National 


Semiconductor 


DP7308/DP8308 8-Bit TRI-STATE® 
Bidirectional Transceiver (Non-Inverting) 


General Description 


The DP7308/DP8308 are high speed Schottky 8-bit TRI- 
STATE bidirectional transceivers designed to provide bidi- 
rectional drive for bus oriented microprocessor and digital 
communications systems. They are all capable of sinking 
16 mA on the A ports and 48 mA on the B ports (bus ports). 
PNP inputs for low input current and an increased output 
high (Vox) level allow compatibility with MOS, CMOS, and 
other technologies that have a higher. threshold and less 
drive capabilities. In addition, they all feature glitch-free 


\power up/down on the B port preventing erroneous glitches 


on the system bus in power up or down. 


DP7308/DP8308 are featured with Transmit (T) and 
Receive (R) control inputs. 


Logic and Connection Diagrams 


PP D> 
wn oa 


> Pb 
~~ a 


| 

| 
of 
ae 
ae 
o—{- 
Oo 


(A) 


TL/F/8795-1 


Logic Table 


Control a Resulting Conditions 
Teanemit| Reed | pot} sport 


ee ac SC 
po | | Both Actives 


*This is not an intended logic condition and may cause oscillations. 


Features 
m 8-bit bidirectional data flow reduces system package 
count 
m Bidirectional TRI-STATE inputs/outputs interface with 
bus oriented systems 
PNP inputs reduce input loading 
Output high voltage interfaces with TTL, MOS, and 
CMOS 
48 mA/300 pF bus drive capability 
Pinouts simplify system interconnections 
Independent T and R controls for versatility 
Compact 20-pin dual-in-line package 
Bus port glitch free power up/down 


1 


Dual-iIn-Line Package 


TL/F/8795-2 
Top View 
Order Number DP7308J, DP8308J 


or DP8308N 
See NS Package Number J20A or N20A 
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Absolute Maximum Ratings (note 1) Recommended Operating 

If Milltary/Aerospace specifled devices are required, Conditions 

please contact the National Semiconductor Sales Max 
Office/Distributors for avallablility and specifications. Supply Voltage (Voc) 

Supply Voltage 7V DP7308 ; 55 
Input Voltage 5.5V DP8308 

Output Voltage 5.5V Temperature (Ta) 

Storage Temperature —65°C to + 150°C DP7308 


Maximum Power Dissipation* at 25°C DP8308 
Cavity Package 1667 mW 
Molded Package 1832 mW 


Lead Temperature (soldering, 4 sec.) 260°C 


*Derate cavity package 11.1 mW/°C above 25°C; derate molded package 
14.7 MW/°C above 25°C. 


DC Electrical Characteristics (Notes 2 and 3) 
Symbol| Parameter | Conitions, =| Min'._—| Typ | Max | Units 
A PORT (A0-A7) 
Logical“1" inputVoltage |T=ViR=20v | | 
Logical “O” Input Voltage Mus 2ov —— fpregge __f__{__ a | 


80€8d0/80E2dd 


a 

Logical ‘‘1”" Output Voltage TeeovR= ve Hou= a4mé von 118/voo=07] 
Hlon==ama_ | 27 | 395 | | 

Logical “0” Output Voltage | T = 2.0V, Ho. = 16ma(e308)| ss (wsséd|ss | os | 
[Se ert eee Er 


Output Short Circuit T = 2.0V,R = Vit, Vo = OV 
Current Voc = Max (Note 4) 


Input Current at Maximum 
Input Voltage 


Logical “0” Input Current |T=VinR=20V.Vin=o4v | |= 70 | ~ 200 
[Input Clamp Voltage | T=R=20V,in=—-12maA_ || 07 | ~1.8 
T= R= 20v Vin=o4v | | | = 200 | 


Output/Input 
TRI-STATE Current 








B PORT (B0-B7) 


Logical “1” Input Voltage | T = 2.0 Vit ee ee ae 

Logical “0” Input Voltage | T = 2.0V, ViL lopssos Ss (itstC|CCttCtidCti‘ié‘i@CY:Ct 

jbp7sog | Te 

low = -0.4mA | Voo~1.15|Voc—08| 
lon=—10mA__ | 24 | 36 | 

T = Vi, = 20V Hlo=20ma | | os | | 

| floo=48ma_ | | ow | 8 


Output Short Circuit T = Vi, R = 2.0V, Vo = OV, 
Current Vcc = Max (Note 4) 


Input Current at Maximum 
Input Voltage 


Logical “O” Input Current |T=20V.R=VisMw=o4v | | =70_| ~200| 
[InputClamp Voltage |T=A=20Viy=-12ma || 07 | ~1.85 | 
Output/Input T=R=2.0V Vin = 0.4V ft | = 200 | 
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Logical “1” Output Voltage 





DP7308/DP8308 


DC Electrical Characteristics (Notes 2 and 3) (Continued) 


symbol | Parameter | Conditions, 


CONTROL INPUTS T, R 
Logical" Inputvottage | Ct eo | | 
Logical ‘0’ Input Voltage | opaxn | =| dk 
[opvsos | | | 
| Logical” Inputurrent | viw=27v | || 


Logical “0” Input Current Vit = 0.4V 


AC Electrical Characteristics voc = 5v, T, = 25°C 


Symbol Conditions | min | typ | Mex | unite 


A PORT DATA/MODE SPECIFICATIONS 


tPDHLA 


{PDLHA 


Propagation Delay to a Logical ''0”’ from 
B Port to A Port 


Propagation Delay to a Logical “1” from 
B Port to A Port 


Propagation Delay from a Logical ‘‘0” to 


TRI-STATE from R to A Port 


Propagation Delay from a Logical ‘1” to 
TRI-STATE from R to A Port 


Propagation Delay from TRI-STATE to 
a Logical 0” from R to A Port 


Propagation Delay from TRI-STATE to 
a Logical “1” from R to A Port 


B PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical 0” from 


A Port to B Port 


Propagation Delay to a Logical ‘1" from 
A Port to B Port 


Propagation Delay from a Logical ‘'0” to 
TRI-STATE from T to B Port 


Propagation Delay from a Logical ‘1” to 
TRI-STATE from T to B Port 


Propagation Delay from TRI-STATE to 


- a Logical 0” from T to B Port 


Propagation Delay from TRI-STATE to 
a Logical 1" from T to B Port 


T = 2.4V,R = 0.4V (Figure A) 
R1 = 1k, R2 = 5k,Ci = 30pF 


T = 2.4V, R = 0.4V (Figure A) 
R1 = 1k, R2 = 5k, C1 = 30 pF 


BO to B7 = 0.4V, T = 2.4V (Figure B) 
S3 = 1,R5 = 1k,C4 = 15 pF 


BO to B7 = 2.4V, T = 2.4V (Figure B) 
$3 = 0, R5 = 1k, C4 = 15 pF 


BO to B7 = 0.4V, T = 2.4V (Figure B) 
S3 = 1,R5 = 1k,C4 = 30 pF 


BO to B7 = 2.4V, T = 2.4V (Figure B) 
$3 = 0,R5 = 5k, C4 = 30pF 


T = 0.4V, R = 2.4V (Figure A) 
R1 = 1009, R2 = 1k, C1 = 300 pF 
R1 = 6679, R2 = 5k, C1 = 45 pF 


T = 0.4V, R = 2.4V (Figure A) 
R1 = 100, R2 = 1k, C1 = 300 pF 
R1 = 6672, R2 = 5k, C1 = 45 pF 


A0 to A7 = 0.4V, R = 2.4V (Figure 8) 
$3 = 1,R5 = 1k,C4 = 15pF 


AO to A7 = 2.4V, R = 2.4V (Figure 8) 
$3 = 0,R5 = 1k,C4 = 15pF 


AO to A7 = 0.4V, R = 2.4V (Figure 8) 
$3 = 1,R5 = 1009, C4 = 300 pF 
$3 = 1,R5 = 6672, C4 = 45 pF 

AO to A7 = 2.4V, R = 2.4V (Figure 8) 
$3 = 0,R5 = 1k, C4 = 300 pF 

$3 = 0,R5 = 5k, C4 = 45 pF 
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AC Electrical Characteristics (continuea) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed In the table of Recommended Operating Conditions. All 
typical values given are for Voc = 5V and Ta = 25°C, 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 


Note 4: Only one output at a time should be shorted. 


80€8d0/80E2da 


Switching Time Waveforms and AC Test Circuits 


a t= ty $10ns 
10% TO 90% 


OUTPUT 
B, OR Ap 


TL/F/8795-3 


OUTPUT 
e 


DEVICE 
PULSE 
| UNDER 
GENERATOR TEST 


TL/F/8795~4 
Note: C1 includes test fixture capacitance. 


FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 


3V 
tr = tf < 10ns 
CONTROL INPUT f 10% TO 80% 


OV 





PORT OUTPUT 


PORT OUTPUT 
TL/F/8785-5 


PORT 
CONTROL OUTPUT 
INPUT 


DEVICE " 
ne oo 
PULSE ee 
GENERATOR RORT 


TL/F/8795-6 
Note: C4 includes test fixture capacitance. Port input is in a fixed logical condition. See AC Table. 


FIGURE B. Propagation Delay to/from TRI-STATE from R to A Port and T to B Port 
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DS26S10C/DS26S10M/DS26S11C/DS26S11M 


Za National 


Semiconductor 


DS26S 10C/DS26S10M/DS26S11C/DS26S11M 
Quad Bus Transceivers 


General Description 


The DS26S10 and DS26S11 are quad Bus Transceivers 
consisting of 4 high speed bus drivers with open-collector 
outputs capable of sinking 100 mA at 0.8V and 4 high speed 
bus receivers. Each driver output is connected internally to 
the high speed bus receiver in addition to being connected 
to the package pin. The receiver has a Schottky TTL output 
capable of driving 10 Schottky TTL unit loads. 


An active low enable gate controls the 4 drivers so that 
outputs of different device drivers can be connected togeth- 
er for party-line operation. 

The bus output high-drive capability in the low state allows 
party-line operation with a line impedance as low as 1009. 
The line can be terminated at both ends, and still give con- 
siderable noise margin at the receiver. The receiver typical 
switching point is 2V. 


Logic and Connection Diagrams 
DS26S10 


E \g y | 13 


TL/F/5802-1 


Bi GND2 


TL/F/5802-3 


Top View 
Order Number DS26S10CJ, DS26S10MJ 
or DS26S10CN 
See NS Package Number J16A or N16A 


The DS26S10 and DS26S11 feature advanced Schottky 
processing to minimize propagation delay. The device pack- 
age also has 2 ground pins to improve ground current han- 
dling and allow close decoupling between Vcc and ground 
at the package. Both GND 1 and GND 2 should be tied to 
the ground bus external to the device package. 


Features 

m Input to bus is inverting on DS26S10 

m Input to bus is non-inverting on DS26S11 

m Quad high speed open-collector bus transceivers 
g Driver outputs can sink 100 mA at 0.8V maximum 
m Advanced Schottky processing 

m PNP inputs to reduce input loading 


DS26S11 


BI GND2 


TL/F/5802-4 
Top View 
Order Number DS26S11CJ, DS26S11MJ 
; or DS26S11CN 
See NS Package Number J16A or N16A 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C 


please contact the National Semiconductor Sales Cavity Package 1433 mW 
Office/Distributors for availability and specifications. Molded Package 1362 mW 
Storage Temperature —65°C to + 150°C *Derate cavity package 9.6 mW/°C above 25°C; derate molded package 


: : 10.9 mW/°C above 25°C. 
Temperature (Ambient) Under Bias — 58°C to + 125°C - sil 


Supply Voltage to Ground Potential —0.5V to +7V Operating Conditions 

DC Voltage Applied to Outputs for —0.5V to + Voc Max Min 
High Output State Supply Voltage (Vcc) 

DC Input Voltage —0.5V to +5.5V DS26S10C, DS26S11C 4.75 

Output Current, Into Bus 200 mA DS26S10M, DS26S11M 4.5 

Output Current, Into Outputs (Except Bus) 30 mA Temperature (Ta) 


DC Input Current —30mAto +5mA DS26S10C, DS26S11C 
DS26S10M, DS26S11M 


Electrical Characteristics (unless otherwise noted) 


Conditions Typ : 
iti (Note 1) | (Note 2) jm ae 
Von | Output High Voltage Voc =Min,low=—1ma, | Miitay | 25 | 34 | | 
VoL Output Low Voltage Vcc = Min, lo, = 20 mA, 

(Receiver Outputs) Vin = Vit or Vin 
VI Input High Level Guaranteed Input Logical High for 20 
(Except Bus) All Inputs , 


Input Low Level Guaranteed Input Logical Low for 

(Except Bus) All Inputs 

Input Clamp Voltage Voc = Min, lin = —18mA 7 
(Except Bus) 


Input Low Current Voc = Max, Vin = 0.4V So a 
peweu [oa [|| =o | 


Input High Current Voc = Max, Vin = 2.7V | enable =f =| sé 
iExeopt us) ee ee 


Input High Current Voc = Max, Vin = 5.5V 400 
(Except Bus) 


Output Short-Circuit Current | Voc = Max, (Note 3) | Miltary | -20[ | —55 | 
ae [Commercial | -18 | | =80_ 


Power Supply Current Voc = Max, Enable = GND | DS26S10 | | gs | 70 | 
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WtLS9¢SG/911S92SG/W0lS92Sd0/D01S9zSG 


DS26S10C/DS26S10M/DS26S11C/DS26S11M 


Bus Input/Output Characteristics 
Parameter Conditions 
(Note 1) 


Output Low Voltage Military lo. = 40 mA 
lo. = 70 mA 
lo. = 100 mA 


Commercial | Io, = 40 mA 
lo. = 70 mA 
lo. = 100 mA 


Receiver Input High Threshold Bus Enable = 2.4V, : 
: = 


Receiver Input Low Threshold Bus Enable = 2.4V, Military 
ual 


Note 1: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable device type. 


Bus Leakage Current 


tw 
aS 


Note 2: Typical limits are at Voc = 5V, 25°C ambient and maximum loading. 
Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Switching Characteristics (1, = 25°C, Voc = 5V) 


symbol | Parameter | Conditions 


tpLH Data Input to Bus Rg = 509, Cg = 50 pF (Note 1) 
tpHL Data Input to Bus 


teLH Data Input to Bus 


tPHL 
tbuH 
tex 
tex 
tPLH Rg = 502, RL = 2802, Cg = 50 pF (Note 1), 
t | Buss Rg = 5022, Cg = 50 pF (Note 1) 

ee ee 


Note 1: Includes probe and jig capacitance. 


Truth Tables 





DS26S10 DS26S11 


<I- x 


H = High voltage level 

L = Low voltage level 

X = Don’t care 

Y = Voltage level of bus (assumes control by another bus transceiver) 
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Typical Application 


STROBE INPUTS STROBE INPUTS STROBE 


Ig ly lg 13 
20 


2 RECEIVER 2 RECEIVER 
DS26S10 * OUTPUTS 0S26S10 cs OUTPUTS DS26S11 


23 z3 
BO BI B2 B3 80 B1 82 B3 80 B1 B2 83 


100 PARTY-LINE OPERATION 


AC Test Circuit and Switching Time Waveforms 


Vec 


PULSE HINPUT BK, 
GENERATOR P 
NO.1 b 
0S26S11 


ONLY 8 
50 pF 


(NOTE 1) | 
PULSE = 


E INPUT 
GENERATOR O 


NO. 2 


Note 1: Includes probe and jig capacitance. 


0S26$11 
TINPUT 


DS26S10 
TINPUT 


E INPUT 
OV 


Vou 
B TEST POINT 


Vo 


Vou 
Z TEST POINT 


VoL 
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STROBE 


RECEIVER 
OUTPUTS OS26S11 


23 
BO B1 B2 B3 


ALL DIODES 
1N916 OR 
EQUIVALENT 


RECEIVER 
OUTPUTS 


TL/F/5802-5 


TL/F/5802-6 


TL/F/5802-7 





WILS92SG/D11S92SG/IN0LS92SG/901LS9zSa 





Typical Performance Characteristics 


Typical Bus Output Low Volt- Receiver Threshold Variation 
age vs Ambient Temperature _ Vs Ambient Temperature 


SRREoe 

pveerssy 

a 
|_| an 


——— 


-55-35-15 5 25 45 65 85 105 125 . "-55 -35-15 5 25 45 65 85 105 125 
Ty — AMBIENT TEMPERATURE (°C) Ty, — AMBIENT TEMPERATURE (°C) 


Vo — BUS OUTPUT VOLTAGE (V} 
Vy — RECEIVER THRESHOLD VOLTAGE (V) 


TL/F/5802-8 TL/F/5802-9 


Schematic Diagram 


B 
© 2, (7), (9), (15) 


e 


DS26S10C/DS26S10M/DS26S11C/DS26S11M 


(10), (14) 

TO ONE OZ 
OTHER 
DRIVER 


(11), (13) 
: 2 


eee ea 


Voc = Pin 16 
GND 1 = Pin1 | 
GND 2 = Pin8 
Connect for DS26S10 


TO OTHER *Remove R1, Q1, D1 for DS26S10 
3 DRIVERS 


TL/F/5802-10 
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ZA National 


Semiconductor 


DS3662 Quad High Speed Trapezoidal™ Bus Transceiver 


General Description 


The DS3662 is a quad high speed Schottky bus transceiver 
intended for use with terminated 1202 impedance lines. It is 
specifically designed to reduce noise in unbalanced trans- 
mission systems. The open collector drivers generate pre- 
cise trapezoidal waveforms with rise and fall times of 15 ns 
(typical), which are relatively independent of capacitive 
loading conditions on the outputs. This reduces noise cou- 
pling to the adjacent lines without any appreciable impact 
on the maximum data rate obtainable with high speed bus 
transceivers. In addition, the receivers use a low pass filter 
in conjunction with a high speed comparator, to further en- 
hance the noise immunity. Tightly controlled threshold lev- 
els on the receiver provide equal rejection to both negative 
and positive going noise pulses on the bus. 


The external termination is intended to be a 18002 resistor 
from the bus to 5V logic supply, together with a 3902 resis- 
tor from the bus to ground. The bus can be terminated at 
one or both ends. A two input NOR gate is provided to dis- 
able all drivers in a package simultaneously. 


Block and Connection Diagram 


Features 

m Pin to pin functional replacement for DS8641 

m Guaranteed AC specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 
Temperature insensitive receiver thresholds track bus 
logic level 
Trapezoidal bus waveforms reduce noise coupling to 
adjacent lines 
Precision receiver thresholds provide maximum noise 
immunity and symmetrical response to positive and 
negative going pulses 
Open collector driver output allows wire-OR connection 
High speed Schottky technology 
15 pA typical bus termination current with normal Voc 
or with Vcc = OV 
Glitch free power up/down protection on the driver out- 
put 
TTL compatible driver and disable inputs, and receiver 
outputs 


Dual-In-Line Package 


IN1 ouT1 


IN3 OUT3 BUS4 


BUS 2 IN2 


OQUT2 DISABLEA 


IN4 OUT4 DISABLEB GND 
TL/F/5803-1 


Top View 


Order Number DS3662J or DS3662N 
See NS Package Number J16A or N16A 





c99ESG 


DS3662 


Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Recommended Operating 


Conditions 
Min Max 
Supply Voltage (Vcc) 4.75 5.25 





Supply Voltage 7V 
Input and Output Voltage 5,5V 
Storage Temperature Range —65°C to + 150°C 


Maximum Power Dissipation® at 25°C 
Cavity Package 
Molded Package 


Lead Temperature (Soldering, 4 sec.) 


Temperature Range (Ta) 0 70 


*Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C. 


1509 mW 
1476 mW 


260°C 


Electrical Characteristics (notes 2 and 3) 


symbol | ____ Parameter |] Conditions. =| Min | Typ | Max | Units 
DRIVER AND DISABLE INPUTS 
[| Logical1” InputVoltage |] 
[| Logical"o" InputVottage | 
Logical“1” InputCurrent_ | Vw=5.8V00 
Logical'“1" Input Current | Vin=24V0 
Logical“O” InputCurrent | Vin=oave Tmt | 16 
| Input Diode Clamp Voltage | Ioiamp= -12mA || 0.8 | ~ 1.5 | 


Low Level Bus Voltage Nine = 0.8V, Vin = 2V, lpus = 100 mA | =f 06 | 09 | 
Maximum Bus Current Vin = 0.8V, Vaus = 4V, Voc = 5.25V | sf 10 | 100 | 
Maximum Bus Current Vin = 0.8V, Vaus = 4V, Voc = OV za aa es 


High Level Receiver Threshold | Vin = 0.8V, VoL = 16 mA | 190 | 1.70 | | 
Low Level Receiver Threshold | Vin = 0.8V, lo = —400 pA | | 4.70 | 1.50 | 


Logical “1” Output Voltage Vin = 0.8V, Vaus = 0.5V, lon = —400 pA | 24 | 32 {| | 
Logical “0” Output Voltage | Vin = 0.8V, Vaus = 4V, lo. = 16mA | | 035 | 05 | 


Output Short Circuit Current Vpis = 0.8V, Vin = 0.8V, Vaus = 0.5V, ~40 ~70 ~100 
Vos = OV, Voc = 5.25V, (Note 4) | 


| SupplyCurrent | Vois=OV.Viv=2v | 58 


Switching Characteristics (Notes 2 and 3) 


Symbol Conditions | Min | Typ | Max | Units 


EROEAGETION DELAYS 


Bus to Logical ‘1”” Receiver Output 


Bus to Logical ‘‘0” Receiver Output 


Figure 3 
NOISE IMMUNITY 
tre: tte Rise and Fall Times (10%-90%) 


Figure 2 
of the Driver Output 
Receiver Noise Rejection No Response at Receiver 
Pulse Width Output as per Figure 4 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” and ‘Recommended Operating Conditions” provide conditions for actual device 
operation. 

Note 2: Uniess otherwise specified min/max limits apply across the supply and temperature range listed in the table of “Recommended Operating Conditions”. All 
typical values are for Ta = 25°C and Voc = SV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 


Figure 7 


Figure 2 
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AC Test Circuits and Switching Waveforms 


laa me 


7,98 4, 


12, 15 


11,14 I 
es a ee re tPLHD tPHLD 


ENABLE TO BUS ENABLE TO BUS 
(HIGH LEVEL) (LOW LEVEL) 


2,54 


TL/F/5803-2 
TL/F/5803-3 


Note: t, = t; = 2.5 ns. Pulse width = 500 ns measured between 1.5V levels. f = 1 MHz. 


FIGURE 1. Disable Delays 
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FIGURE 3. Receiver Propagation Delays 
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DS3662—The Bus 
Optimizer 


I. INTRODUCTION 


A single ended Bus is an unbalanced Data Transmission 
medium, which is timeshared by several system elements. 
Like any unbalanced system, it is highly susceptible to com- 
mon-mode noise, such as ground noise and crosstalk. In 
general, the fatter determines the maximum physical length 
of the Bus that can be incorporated with acceptable reliabili- 
ty. Crosstalk is a major problem in high speed computer 
Buses which employ Schottky Transceivers for increased 
data rate capability. It is therefore highly desirable to mini- 
mize crosstalk noise in Bus circuits to allow for longer Buses 
and to provide higher system reliability. 


This article describes the operation of the DS3662 Quad 
High Speed Trapezoidal Bus Transceiver, which has been 
specially designed to minimize crosstalk problems. The 
Driver generates precise Trapezoidal waveforms that re- 
duce noise coupling to adjacent Bus channels. The Receiv- 
er uses a low pass filter, whose time constant is matched to 
the Driver slew rate to provide maximum noise rejection with 
acceptable signal delay characteristics. Precision high 
speed circuitry optimizes noise immunity without sacrificing 
the high data rate capability of Schottky Transceivers. 


ll. THE PROBLEM 


Conventional Bus Drivers are designed to provide high out- 
put currents for charging and discharging relatively large 
Bus capacitances quickly. These high speed transitions are 
characterized by peak slew rates of up to 5V/ns around the 
mid-region of the transition. This can cause considerable 
noise coupling to adjacent lines, commonly referred to as 
crosstalk. Crosstalk also includes noise induced by sources 
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external to the Bus. Additional noise may be generated due 
to reflections at imperfect terminations. 


Bus Receviers are designed to respond to high speed tran- 
sitions and to provide low propagation delays. Unfortunate- 
ly, their fast response results in high noise sensitivity. The 
combined effect of the noise on the Bus and the sensitivity 
of the Receiver to the noise severely limits the Bus perform- 
ance. 


I. THE SOLUTION 


The above situation can be considerably improved by em- 
ploying noise reduction techniques in both the Driver and 
the Receiver circuits. Slew rate control can be used in the 
Driver to reduce crosstalk, and Receiver noise sensitivity 
can be reduced by using a low pass filter at its input. These 
techniques are commonly used in line transmission circuits 
where the associated data rates in general are considerably 
lower. However, these techniques do present some difficul- 
ties in high speed Bus circuits. Increased rise and fall times, 
resulting from slew rate control, can affect data rates unless 
care is taken to limit the maximum rise and fall times to 
minimum pulse width requirements. With any appreciable 
slew rate control, the rise and fall times of the resulting Driv- 
er output waveform will be comparable to the pulse widths 
at maximum data rates. This condition dictates high fidelity 
of the transmitted waveform and precise Receiver thresh- 
olds at the middle of the Bus voltage swing in order to mini- 
mize pulse width distortion. Figure 7 illustrates the different 
sources of pulse width distortion due to the trapezoidal na- 
ture of the signal. 
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FIGURE 1. Pulse Width Distortion 
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The low pass filter in the Receiver should provide optimum 
noise rejection without introducing excessive delay in pass- 
ing the signal waveform. In addition, the Receiver should 
have a symmetrical response to positive and negative going 
transitions in order to maintain a low level of pulse width 
distortion, as well as equal noise rejection to positive and 
negative going noise pulses. The response of an ideal low 
pass filter to signal and noise pulses is shown in Figure 2. 


The DS3662 overcomes these and other problems by using 
high speed linear circuitry with on-chip capacitors for con- 
trolling slew rate and low pass filtering. The Driver is of open 
collector type intended for use with terminated 1202 Buses. 
The external termination consists of a 1802 resistor from 
the Bus to + 5V logic supply with a 3902 resistor from the 
Bus to ground. Such a termination results in a Bus logic high 
level of 3.4V with Vcc at 5V (See Figure 2. The Bus can be 
terminated at one or both ends as shown in Figure 3. 
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IV. THE DRIVER 

Using a Miller integrator circuit, the Driver generates a lin- 
early rising and falling waveform with a constant slew rate of 
0.2V/ns (typical) during the entire period of transition. This 
corresponds to typical rise and fall times of 15 ns. Figure 4 
compares the output waveform of a typical Schottky Driver 
and the DS3662 under different capacitive loads. It should 
be noted that even under heavy loading, the regular Drivers 
have peak slew rates that are considerably higher than the 
average. In contrast, the trapezoidal waveform provides 
considerably lower slew rate with slightly higher rise and fall 
times. Such an increase in rise and fall time has very little 
effect on data rates. In fact, the high fidelity of the transmit- 
ted waveform allows pulse widths as low as 20 ns to be 
transmitted on the Bus, as shown in Figure 5. 


The block diagram of the Driver is shown in Figure 6 and 7. 
When a high to low transition is applied to the input, switch 
‘S’ opens and node ‘A’ is pulled low by the current source 
‘l’. This switches the amplifier output to a high state. The 
slew rate of the output transition is limited by the charging 
current through the capacitor, a constant value equal to I/C 
volts/sec. 
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FIGURE 2. Ideal Receiver Low Pass Filter Response 
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Likewise, when a low to high transition is applied to the 
input, switch ‘S’ closes and node ‘A’ is pulled up by the ‘21’ 
current source, switching the amplifier output to a low state. 
The capacitor now has an equal but opposite charging cur- 
rent which once again limits the slew rate to —I/C volts/ 
sec. The inherent tracking ability of I.C. current sources pro- 
vide equal rise and fall times resulting in a symmetrical out- 
put waveform. 


The on-chip capacitors are fabricated using back to back 
junction diodes. The use of junction capacitors reduces die 
area and the back to back connection allows operation with 
either polarity. The capacitor terminal, connected to the am- 
plifier input, remains at Vin = 1.6V during the output tran- 
sition. This voltage, being close to the middle of the output 
swing, reduces the effect of the capacitor voltage sensitivity 
on the output waveshape. 


V. THE RECEIVER 


The Receiver consists of a low pass filter. followed by a high 
speed comparator with a typical threshold of 1.7V (see Fig- 
ure 8). This threshold value corresponds to the mid-point 
voltage of the 0 to 3.4V Bus swing. It is derived from a 
potential divider allowing the Bus logic levels to track with 
Vcc variations. If the low pass filter capacitor is voltage in- 
sensitive, this circuit will provide equal propagation delay for 
positive and negative going signal transitions on the Bus. In 
addition, it will also provide equal noise rejection to a posi- 
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FIGURE 8. Receiver 


tive and negative going pulse (see Figure 2). However, the 
junction capacitors, being voltage sensitive, will exhibit non- 
symmetrical response in the above circuit. This problem is 
overcome in the DS3662 Receiver by using a back to back 
junction capacitor with the ground end biased at 1.7V (see 
Figure 9). Although the capacitor-still varies with the voltage 
at node ‘A’, the variation is symmetrical! about 1.7V (the 
middle of the Bus swing) and therefore will provide an identi- 
cal response to transitions of either polarity. 


VI. TRANSCEIVER PERFORMANCE 


The characteristics of the trapezoidal Transceiver are fully 
detailed in the device data sheet. Some of the more impor- 
tant specifications are discussed below. Both AC and DC 
specifications are guaranteed over a 0-70°C temperature 
range and a supply range of 4.75-5.25V. 


The Driver typically has a propagation delay of 15 ns with a 
maximum of 30 ns. The Receiver propagation delays are 
specified at 25 ns typical and 40 ns maximum. The Driver 
output rise and fall times are guaranteed to be within 10 to 
20 ns with a typical of 15 ns. The noise immunity of the 
Receiver is specified in terms of the width of a 2.5V pulse 
that is guaranteed to be rejected by the Receiver (see Fig- 
ure 10). The Receiver typically rejects a 20 ns pulse going 
positive from ground level or going negative from a 3.4V 
logic 1 level. Worst case rejection is specified at 10 ns. 
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FIGURE 10. Receiver Noise Immunity 
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The AC response of the DS3662 Driver and Receiver are 
depicted in Figures 11 and 12 respectively. Figure 17 shows 
the typical Driver output waveform as compared to a stan- 
dard high speed Transceiver output. Oscillograms in Figure 
12 demonstrate the ability of the Receiver to distinguish the 
trapezoidal signal from the noise. Here the Receiver rejects 
a noise pulse of 19 ns width, while accepting a narrower 
signal pulse (= 16 ns) of the same amplitude (The signal is 
triangular since the pulse width is smaller than the rise and 
fall time of the Trapezoidal Driver output). 


The performance of the Transceiver under actual operating 
condition is demonstrated in Figures 13 through 75. Oscillo- 
grams in Figure 13 clearly show the capability of the 
DS3662 in real life situations. Here it is compared with the 
DS8834 under identical conditions. The Transceivers drive 
a minicomputer Bus (flat ribbon cable) 100 feet long, termi- 
nated at the far end with taps at various lengths for connect- 
ing to the Receiver input. The cable is randomly folded to 
generate crosstalk between the various parts. In addition a 
noise pulse is induced on the signal line by driving an adja- 
cent line with a pulse generator. This corresponds to the 
second dominant pulse in the Bus waveforms at approxi- 
mately 600 ns from the main signal pulse. As can be seen, 
the DS8834 with fast rise and fall times on the Driver output 
generates more crosstalk and its Receiver easily responds 
to this crosstalk and to the externally induced noise (even 
though it has hysteresis!), limiting the useful Bus length to 
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less than 10 feet. In contrast, the DS3662’s Driver gener- 
ates much less crosstalk and its Receiver is immune to the 
induced noise even when the noise amplitude exceeds the 
signal amplitude as seen in the oscillogram at 50 feet. When 
the same experiment was repeated with the DS8641, it re- 
sponded to the noise even at 10 feet as shown in Figure 14. 


Figure 15 shows the plots of maximum data rate versus line 
length for the three Transceivers discussed above under 
two different conditions. The graph in Figure 75a is obtained 
with no consideration to the pulse width distortion whereas 
the one in Figure 15b is obtained for a maximum allowable 
pulse width distortion of + 10%. A square waveform is used 
so that the pulse width distortion criteria will apply to both 
positive and negative going pulses. These graphs clearly 
show that the DS3662 can be used at considerably higher 
data rates with lower distortion for longer distances than the 
other two Transceivers (Figure 15b) although the others 
have a slightly higher data rate capability at short distances 
with high timing distortion (Figure 15a). 


Vil. CONCLUSION 

The DS3662, with its combination of a trapezoidal Driver 
and a noise rejecting Receiver utilizing on chip capacitors, 
represents a significant improvement in high speed Bus cir- 
cuits and a solution to Bus noise problems commonly en- 
countered in Mini and Microcomputer systems. 
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FIGURE 12. DS3662 Receiver Response 
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Reducing Noise on 
Microcomputer Buses 


Abstract: 7his paper focuses on the noise components that 
have a significant impact on the performance of a high 
speed microcomputer bus. An overview of their nature is 
followed by ways to minimize their contribution by suitable 
design of the PC board backplane, the termination network 
and the bus transceiver. The DS3662 trapezoidal bus trans- 
ceiver, which is specifically designed to minimize such noise 
on high speed buses, is presented along with its perform- 
ance data. And to conclude, some possible new transceiver 
designs for further improvement of the bus performance are 
explored. 


INTRODUCTION 


As the microcomputer bus bandwidth is extended to handle 
ever increasing clock rates, the noise susceptibility of a sin- 
gle-ended bus poses a serious threat to the overall system 
integrity. Thus, it is mandatory that the various noise contri- 
butions be taken into account in the design of the bus trans- 
ceiver, the PC board backplane and the bus terminations to 
avoid intermittent or total failure of the system. 


Although noise such as crosstalk and reflections are inevita- 
ble in any practical bus configuration, their impact on the 
system can be determined and minimized by careful design 
of all three components mentioned above. The combined 
contribution of the noise under worst-case conditions 
should be within the noise margin for reliable bus operation. 


The design of the transceiver plays a significant role in mini- 
mizing crosstalk and reflection. The bus can be optimized 
for minimum noise at a given bandwidth by using a trapezoi- 
dal driver having suitable rise and fall times along with a 
matched low pass filtered receiver which provides a sym- 
metrical noise margin. The DS3662 is one such transceiver, 
the first member in the family of trapezoidal bus transceviers 
available from National Semiconductor Corporation. This 
device represents a significant improvement in high speed 
bus circuit design and provides a solution to commonly en- 
countered bus noise problems. 


THE MICROCOMPUTER BUS 


A typical microcomputer bus usually consists of a printed 
circuit board backplane with signal and ground traces on 
one side and a ground plane on the other. The length 
ranges from a few inches to several feet with as many as 32 
closely spaced (0.6” typical) card edge connectors. Each 
signal line interacts with the ground plane to form a trans- 
mission line with characteristic impedance ‘Z’ in the range 
of 90-1200 typical. It is desirable to have as large 
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a '‘Z’ as possible in order to reduce the drive requirement of 
the bus driver and to reduce the power dissipated at the 
terminations. But much larger values of ‘2’ translate to sig- 
nificantly larger physical dimensions and therefore are not 
very practical. 

The bus appears like a transmission line to any signal hav- 
ing a transition time ‘t,’ less than the round trip delay ‘2T,’ of 
the bus. The bus delay ‘T,’ is given by: 


T. = LYL1C1 (1) 


where __L = length of the bus 
L1 = distributed inductance per unit length 
C1 = distributed capacitance per unit length 


For a typical unloaded 100 microstrip line, C1 = 20 pF/ft 
and L1 = 0.2 pH/ft. Therefore, TL = 2.0 ns/ft. This corre- 
sponds to approximately half the speed of light. However, 
the capacitive loading at each connector on the backplane 
increases the delay time significantly. The loaded delay time 
‘TLL’ is given by: 


TLL = TLv1 + (CL/C, (2) 


where C,. = distributed load capacitance/unit length 


Given a 10 pF loading at each connector (connector + 
transceiver capacitance) and a 0.6” spacing between con- 
nectors, C, = 200 pF/ft and TLL = 6.6 ns/ft. So even a 6” 
long bus has a 2T_L = 6.6 ns, which is higher than the 
transition time (t,) of many high speed bus drivers. When in 
doubt, it is always better to use the transmission line ap- 
proach than the lumped circuit approach as the latter is an 
approximation of the former. Also, the transmission line 
analysis gives more pessimistic (worst-case) values of 
crosstalk and reflection and is, hence, safer. 


CROSSTALK REDUCTION 
The crosstalk is due to the distributed capacitive coupling 
Cc and the distributed inductive coupling Lc between two 
lines. When crosstalk is measured on an undriven sense 
line next to a driven line (both terminated at their character- 
istic impedances), the near end crosstalk and the far end 
crosstalk have quite distinct features, as shown in Figure 7. 
Their respective peak amplitudes are: 
Vue = Kne(2TL(Vi/t) fort. > 2 Tr (3) 
VNE = Kne(Vi) fort, < 2T, (4) 
VFe = Kre(L)(Vi/t) (5) 
where V, = signal swing on the drive line. 
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The coupling constants are given by the expressions: 
L(CoZ + Le/Z) 
4TL 


C6Z — Lo/Z : 
Kre = Saar ae ns/tt (7) 


KNE = (6) 


The near end component reduces to zero at the far end and 
vice versa. At any point in between, the crosstalk is a frac- 
tional sum of near and far end crosstalk waveforms shown. 
It should be noted from expressions 6 and 7 that the far end 
crosstalk can have either polarity whereas the near end 
crosstalk always has the same polarity as the signal causing 
it. In microstrip backplanes the far end crosstalk pulse is 
usually the opposite polarity of the original signal. 

Although the real world bus is far from the ideal situation 
depicted in Figure 7, several useful observations that apply 
to a general case can be made: 


1. The crosstalk always scales with the signal amplitude. 
2. Absolute crosstalk amplitude is proportional to slew rate 
V|/t,, not just 1/t,. 

3. Far end crosstalk width is always ty. 


4. Fort; < 2T,, the near end crosstalk amplitude Vyye ex- 
pressed as a fraction of signal amplitude V| is a function of 
physical layout only. 

5. The higher the value of ‘t,’ the lower the percentage of 
crosstalk (relative to signal amplitude). 

The corresponding design implications are: 


ORIVE 
INPUT 


ee 


bee eee 


NEAR END CROSSTALK 


FIGURE 1. Crosstalk under Ideal Conditions 


=KNE VI 


1. The noise margin expressed as a percentage of the sig- 
nal swing is what's important, not the absolute noise margin. 
Therefore, to improve noise immunity, the percentage noise 
margin has to be maximized. This is achieved by reducing 
the receiver threshold uncertainty region and by centering 
the threshold between the high and low levels. 


2. Smaller signal amplitude with the same transition time 
reduces bus drive requirements without reducing noise im- 
munity. 

3. Far end crosstalk is eliminated if the receiver is designed 
to reject pulses having pulse widths less than or equal to t,. 


4. When t, < 2T,, the near end crosstalk immunity for a 
given percentage noise margin has to be built into the back- 
plane PC layout. Since (VNjE/V)) = Kye for this case, Kye 
should be kept lower than the available worst-case noise 
margin. Kye may be reduced by either increasing the spac- 
ing between lines or by introducing a ground line in be- 
tween. The ground line, in addition to increasing the spacing 
between the signal lines, forces the electric field lines to 
converge on it, significantly reducing crosstalk. 

5. For minimum crosstalk the rise and fall times of the signal 
waveform should be as large as possible consistent with the 
minimum pulse width requirements of the bus. A driver that 
automatically limits the slew rate of the transition can goa 
long way in reducing crosstalk. 
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CROSSTALK MEASUREMENT 


When multiple lines on either side of the sense lines switch 
simultaneously the crosstalk is considerably larger, typically 
3.5 times the single line switching case for microstrip back- 
planes. Also, the location of the drivers on the driven lines 
and the receiver on the sense line for worst-case crosstalk 
differs for the near end and far end cases as shown in Fig- 
ure 2 and 3 for a uniformly loaded bus. But if the far end 
crosstalk is not of the opposite polarity, then the combined 
effect of far end and near end crosstalk could have a larger 
amplitude and pulse width at a point near the middle of the 
sense line in Figure 2. So in a general case, or in the case of 
a non-uniformly loaded bus, it is advisable to check the 
sense line at several locations along the length of the bus to 
determine the worst-case crosstalk. The measurement 
should be made for both the positive and the negative tran- 
sition of the drive signal. 


THE TERMINATION 


A properly terminated transmission line has no reflections. 
But a practical microcomputer bus is neither a perfect trans- 
mission line nor is it properly terminated under all condi- 
tions. The capacitive loading at discrete locations, such as a 
used card slot, act as sources of reflection. However, in the 
limiting case when the bus is uniformly populated with a 
large number of modules, the bus behaves like a lower im- 
pedance transmission line. The loaded impedance ‘Z,’ of 
the bus is given by the expression: 


ee: | @) 
vat + CLIGy 


where Z = unloaded line impedance 


Unfortunately, uniform loading of the bus is not guaranteed 
at all times and even if it were (by dummy loading of 
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Note: All lines terminated at both ends (not shown) 


FIGURE 2. Worst-Case Far End Crosstalk Measurement 


PULSE INPUT 


TL/F/5281-3 


Note: All lines terminated at both ends (not shown) 


FIGURE 3. Worst-Case Near End Crosstalk Measurement 





the unused slots) Z; is usually too low for proper termination 
of the bus. For example, a 10 pF per module loading of the 
1002 microstrip bus at 0.6” spacing results ina Z, = 302. 
One such termination at each end will require a 200 mA 
drive capacity on the bus driver for a nominal 3V swing. 
Such large drive currents and low value terminations in- 
crease the power dissipation of the system significantly in 
addition to causing other problems such as increased 
ground drop, inductive drops in traces due to large current 
being switched, etc. As a compromise the bus is usually 
terminated at an impedance higher than Z, but less than or 
equal to Z. Consequently, there is always some amount of 
reflection present. For a perfect transmission line the reflec- 
tion coefficient ‘T’ is given by the well known expression: 


_Z-R (9) 
Z+R 


where Z = impedance of the bus 
Ry = termination resistance 


The net effect, in the general case of a nonuniformly loaded 
bus, is that it may take several round trip bus delays after a 
bus driver output transition, before the quiescent voltage 
level is established. However, this delay is avoided by using 
a bus driver that has sufficient drive to generate a large 
enough voltage step during the first transition to cross well 
beyond the receiver threshold region under the worst-case 
load conditions. 

Figure 4 illustrates the driver output waveform under such a 
condition. Here the fully loaded bus (with Z; = 309), of the 
previous example, is driven by the DS3662 bus transceiver 
at the mid point. The driver is actually driving two transmis- 
sion lines of Z_ = 300. in either direction from the middle 
and hence the initial step is given by: 


2.) 

V1 =(—] 2l 
( ay 
where Is = Standing current on the bus due to each 
termination 


For the DS3662, the termination can be designed for 2lg = 
100 mA and therefore: 


V1 = (30/2)100 = 1.5V 


(10) 


en MAX 
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VoL=0.7V 


This value of the initial swing is large enough to cross the 
narrow threshold region of the receiver as shown and there- 
fore no waiting period is required for the reflections to build 
up the output high level. On the negative transition the prob- 
lem is less critical due to the much higher sink capability of 
the DS3662 during pull down. 


Reflections can also be caused by resistive loading of the 
bus by the DC input current of the receiver. The resulting 
reflectoin coefficient (I) is given by the expression: 


rx) 


where Iq = receiver input current 


Having a receiver with a high input impedance not only 
makes this component of reflection insignificant but also re- 
duces the DC load on the driver, allowing the use of lower 
value termination resistors. This is particularly true when a 
large number of modules are connected to the bus. 


The design implications of the above discussion may be 
summarized as follows: 

1. If the driver has adequate drive to produce the necessary 
voltage swing under the worst-case loading (Z/2), reflec- 
tions do not restrict the bus performance. This translates to 
a 100 mA minimum drive requirement for a typical microstrip 
bus. 

2. If the drive is insufficient, time should be allowed for the 
reflections to build up the voltage level before the data is 
sampled. 

3. For signals such as clock, strobe, etc., wherein the edge 
is used for triggering events, it is mandatory that the driver 
meet the above drive requirements if delayed or multiple 
triggering is to be avoided. 

4. An ideal TTL bus transceiver should have at least a 
100 mA drive, a high input impedance receiver with a nar- 
row threshold uncertainty region. 


(11) 


THRESHOLD 
RANGE 


V; = 100 mA x 159 = 1.5V 


TL/F/5281 -4 


FIGURE 4. Worst-Case DS3662 Output Transition for Z, = 150 and Ry = 500 
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THE DS3662 TRANSCEIVER 


The DS3662 quad trapezoidal bus transceiver has been de- 
signed specifically to minimize the noise problems dis- 
cussed previously. The driver generates precise trapezoidal 
waveforms that reduce crosstalk and the receiver uses a 
low pass filter to reject noise pulses having pulse widths up 
to the maximum driver output transition times. Precision out- 
put circuitry optimizes noise immunity without sacrificing the 
high data rate capability of Schottky transceivers. 


Figure & shows the recommended configuration for micro- 
computer buses. The use of a 3.4V source with a single 
termination resistor at each end reduces the average power 
dissipation of the bus. However, a two resistor termination 
connected between the line and the power rails, having the 
same Thevenin’s equivalent, can be substituted for lower 
cost. 


Ys DS3662 % DS3662 


Rr = 502 to 900 


Ya 0S3662 


Using a Miller integrator circuit, the driver generates a linear- 
ly rising and falling waveform with a constant slew rate of 
0.2 V/ns (Figure 6). This corresponds to a nominal transition 
time of 15 ns. Figure 7 compares the output waveform of a 
typical high speed driver to that of DS3662 under different 
load conditions. It should be noted that even under heavy 
loading, the regular drivers have peak slew rates that are 
much higher than the average. On the other hand, the trape- 
zoidal waveform has a much lower slew rate with only a 
slight increase in the transition time. Such an increase in the 
transition time has little or no effect on the data rates. In 
fact, the high fidelity of the DS3662 driver output waveform 
allows pulse widths as low as 20 ns to be transmitted on the 
bus. 


Ya DS3662 


TL/F/5281-5 


FIGURE 5. Recommended Bus Termination for Heavily Loaded Microstrip Backplanes 


INPUT | Oe== 
A 





OUTPUT 


HIGH SPEED = 
AMPLIFIER SLEW RATE=I/C 


= VIH = 2VBE 


FIGURE 6. DS3662 Driver 


TL/F/5281-7 


TL/F/5281~6 


Note 1: Typical high speed driver output unloaded; t; = ts > 3.ns 
Note 2: Typical high speed driver output loaded; t; = t) ~ 10 ns 
Note 3: Typical outupt of controlled slew rate driver which is load independent; t, = t; ~ 15 ns 


FIGURE 7. Waveform Comparison 
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The receiver consists of a low pass filter followed by a high 
speed comparator, with a typical threshold of 1.7V (Figure 
8). The noise immunity of the receiver is specified in terms 
of the width of a 2.5V pulse that is guaranteed to be rejected 
by the receiver. The receiver typically rejects a 20 ns pulse 
going positive from the ground level or going negative from 
the 3.4V logic 1 level. The receiver threshold lies within a 
specified 400 mV region over the supply and temperature 
range and is centered between the low and high levels of 
the bus for a symmetrical noise margin. 


R HIGH SPEED 
COMPARATOR 


OUTPUT 


TL/F/5281~-8 
FIGURE 8. DS3662 Receiver 


Other features of the device include a 100 pA maximum DC 
bus loading specification under power ON or OFF condition 
and a glitch-free power up/down protection on the bus out- 
put. 

















NOISE INPUT 
FIGURE 9. DS3662 Receiver Response 


TRAPEZOIDAL 
DRIVER 


TRAPEZOIDAL 
RECEIVER 


— TIME 10NS/DIV 


Waveforms in Figure 9 demonstrate the ability of the receiv- 
er to distinguish the trapezoidal signal from noise. Here the 
receiver rejects a noise pulse of 19 ns width, while accept- 
ing a narrower signal pulse (16 ns) of the same peak ampli- 
tude (the signal is triangular because of the pulse width 
which is smaller than the transition time). 


The real-world performance of the DS3662 transceiver 
shows an order of magnitude improvement in noise immuni- 
ty over conventional transceivers under actual operating 
conditions (Reference #3). The controlled rise and fall 
times on the driver output significantly reduces both near 
end and the far end crosstalk. As expected, the pulse dis- 
crimination at the receiver input virtually eliminates the far 
end crosstalk, even on extremely long buses (over 100 
feet). The near end crosstalk, which is particularly severe on 
the state of the art backplanes due to the tight spacing be- 
tween the signal lines, is easily accommodated by the large 
percentage noise margin (> 75%) provided by the receiver. 
Field reports indicate that the DS3662 not only solves those 
mysterious intermittent failure problems in mini and micro- 
computer systems, but also helps them meet the new FCC 
emission requirements due to the reduced RF radiation from 
the bus. 

















SIGNAL INPUT 


+5V 
2RT 
2.5V 
2RT 


= ae oe 
tr=tt=6ns 


TL/F/5281-12 


TL/F/5281-21 


FIGURE 10. High Speed Bus Transceiver with Low Output Loading for MicroComputer Backplanes 
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WHAT NEXT? 


Since crosstalk scales with the signal amplitude, reducing 
the signal swing has not effect on the noise immunity as 
long as the percentage noise margin remains the same. On 
the other hand, there are several advantages in having low- 
er signal swing. It reduces the drive current requirement of 
the driver thus reducing its output capacitance. Lower ca- 
pacitive loading on the bus decreases its impedance reduc- 
ing the drvie requirement even further. Having a lower cur- 
rent drive not only reduces the power dissipated at the ter- 
minations but also allows better matching of the termination 
due to the increased line impedance. In the ideal limiting 
case the driver has negligible loading effect on the bus and 
thus allows perfect termination under all load conditions. 


In practice however, there are some obvious limitations. The 
receiver thresholds have to be maintained within tighter lim- 
its at lower signal swings to maintain the same percentage 
noise margin. Also, the capacitive loading is difficult to re- 
duce beyond a certain point, due to the diminishing return in 
the way of lower current rating, as the loaded bus imped- 
ance approaches the unloaded impedance. However, the 
capacitance of an open collector driver output can be re- 
duced significantly by using a Schottky diode as shown in 
Figure 10. The diode isolates the driver capacitance when 
the output is disabled. Using reduced signal swings and pre- 
cise receiver thresholds, such a transceiver can provide sig- 
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nificant improvements in microcomputer bus performance. 
The transceiver design presented in Figure 10 is being con- 
sidered for incorporation into the Futurebus standard by the 
IEEE. 


CONCLUSION 


A well designed bus transceiver goes a long way in improv- 
ing the noise immunity of a single-ended TTL bus. Further 
improvements in bus performance may come from the use 
of reduced voltage swings and better transceiver designs 
for lower bus loading and tighter receiver threshold limits. 
Although such approaches may not be TTL compatible, the 
improvement in performance gained may indeed justify a 
new standard for bus transceivers. 


REFERENCES 


1) Bill Fowler, “7ransmission Line Characteristics, ” National 
Semiconductor—Application Note 108, May 1974. 

2) A. Feller, H. P. Kaupp, and J. J. Digiacomo, “Crosstalk 
And Reflections In High Speed Digital Systems,” proceed- 
ings—Fall Joint Computer Conference, pp. 511-525, 1965 
8) R. V. Balakrishnan, “Sus Optimizer,”’ National Semicon- 
ductor—Application Note 259, April 1981 

4) David Montgomery, “BSorrowing RF Techniques For Digi- 
tal Design,” Computer Design, pp. 207-217, May 1982 

5) R. V. Balakrishnan, “E/iminating Crosstalk Over Long Dis- 
tance Busing,’’ Computer Design, pp. 155-162, March 1982 





ZA National 
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Z99€Sd 


DS3667 TRI-STATE® Bidirectional Transceiver 


General Description 


The DS3667 is a high-speed Schottky 8-channel bidirection- 
al transceiver designed for digital information and communi- 
cation systems. Pin selectable totem-pole/open collector 
outputs are provided at all driver outputs. This feature, to- 
gether with the Dumb Mode which puts both driver and re- 
ceiver outputs in TRI-STATE at the same time, means high- 
er flexibility of system design. PNP inputs are used at all 
driver inputs for minimum loading, and hysteresis is provid- 
ed at all receiver inputs for added noise margin. A power 
up/down protection circuit is included at all outputs to pro- 
vide glitch-free operation during Vcc power up or down. 


Connection Diagram 


Features 

g@ 8-channel bidirectional non-inverting transceivers 

@ Bidirectional control implemented with TRI-STATE 
output design 

m High speed Schottky design 

m Low power consumption 

High impedance PNP inputs (drivers) 

m Pin selectable totem-pole/open collector outputs 
(drivers) 

m 500 mV (typ) input hysteresis (receivers) 

Power up/down protection (glitch-free) 

@ Dumb Mode capability 


Dual-In-Line Package 


TERMINAL 


TL/F/5245-1 


Top View 


Order Number DS3667N 
See NS Package Number N20A 
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DS3667 


TERMINAL 


Note > Denotes driver 
Note z—<{f- Denotes recelver 


Functional Truth Table 


Control 
Data Transceivers 


Bus Port Terminal Port 


Totem-Pole 
Output 


H: High Level Input 
L: Low Level Input 
T: Transmitting Mode 
R: Receiving Mode 
D: Dumb Mode 


TL/F/5245~2 





Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the Natlonal Semiconductor Sales Voc, Supply Voltage 4.75 
Offlce/Distributors for avallablillty and specifications. Ta, Ambient Temperature 0 


Supply Voltage (Vcc) 7.0V lo, Output Low Current 
Input Voltage 5.5V Bus — 
Storage Temperature Range —65°C to + 150°C Terminal 


Maximum Power Dissipation* at 25°C 
Molded Package 1832 mW 


Lead Temperature (Soldering, 4 seconds) 260°C 
*Derate molded package 14.7 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


symbol |___—Parameter_— | Condiitions, —|sMin' | Typ | Max | Units 
Vin | Hightevelinputvotage =| | | 
Vit [tow tevenptvotage fT} fe 
Vik 

Output Voltage 


[oe Ti 


Terminal Ge = 4V 
and Bus 


Low Level Terminal V; = 0.5V 
Input Current and TE, PE 
| Bus | 04 | 10 


Short Circuit Vi = 2V, Vo = OV (Note 4) 


Output Current 


Supply Current Transmit, TE = 2V, PE = 2V, V; = 0.8V fe 
Receive, TE = 0.8V, PE = 2V, V| = 0.8V 


Cin Bus-Port Voc = OV, V; = OV, 
Capacitance f = 10 kHz (Note 5) 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not pecnt to imply that the device 


should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operations. 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C temperature range and the 4.75V to 5.25V power ‘alpety range. All typical 
values are for Ta = 25°C and Voc = 5.0V. 


Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 


Note 4: Only one output at a time should be shorted. 
Note 5: This parameter is guaranteed by design. It is not a tested parameter. 
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DS3667 


symbol | ____Parameter_—— | From 
teLH Propagation Delay Time, ; 
Low to High Level Output 
Terminal 
teHL Propagation Delay Time, 
High to Low Level Output 
Propagation Delay Time, 
Low to High Level Output 
Propagation Delay Time, 
High to Low Level Output 


Output Enable Time 
to High Level 


tPLH 


tPHL 


teZH 


Output Disable Time 
to High Level 


tpHz 
TE 


Output Enable Time (Notes 2 and 3) 


to Low Level 


tezL 


Output Disable Time 
to Low Level : 


tpLz 


Output Enable Time 
to High Level 


tpZH 


Output Disable Time 
to High Level 


tpHz 
TE, PE 
Output Enable Time (Notes 2 and 3) 
to Low Level 


tezL 


Output Disable Time 
to Low Level 


tpiz 


Output Pull-Up Enable 
Time 


Output Pull-Up Disable 
Time 


tPZH 
PE 
tpHz (Notes 2 and 3) 


Note 1: All typical values are for Ta = 25°C, Voc = SV. 
Note 2: Refer to Functional Truth Table for control input definition. 


Terminal 


(Figure 1) 


R, = 2400 
CL = 30 pF 
(Figure 2) 


V; = 3.0V 
VL = OV 
R_ = 4800 
CL = 15 pF 
(Figure 1) 


V, = OV 

VL = 2.3V 
Ri = 38.39 
CL = 15 pF 
(Figure 1) 


V; = 3.0V 
VL = 0V 
R_ = 3ko 
CL = 15 pF 
(Figure 1) 
Vv; = OV 

VL = 5V 
RL = 2802 
CL = 15 pF 
(Figure 1) 


Vv, = 3V 

Vi = OV 
Ry, = 4800 
CL = 15 pF 
(Figure 1) 





Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the V| voltage source when the output 


connected to that input becomes active. 


Switching Load Configurations 


VE 


TEST 
DEVICE 


OUT 


TL/F/5245-3 
Vo logic high = 3.0V 
Vc logic low = OV 
*C_ includes jig and probe capacitance 


FIGURE 1 
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TEST 
DEVICE 


OUT 


Vo logic high = 3.0V 
Vc logic low = OV 


TL/F/5245-4 


"Cx includes jig and probe capacitance 


FIGURE 2 





Switching Waveforms 


Transmit Propagation Delays 


3.0V 
TERMINAL* 
(INPUT) 
ov 


BUS 
(OUTPUT) 


TL/F/5245-5 


Receive Propagation Delays 


3.0V 
Bus* 
(INPUT) 
ov 


TERMINAL 
(OUTPUT) 


TL/F/5245-6 


Terminal Enable/Disable Times 


3V 
CONTROL* 
INPUT 
av 


TERMINAL 
OUTPUT 


TERMINAL 
QuTPUT 


TL/F/5245-7 


Bus Enable/Disable Times 


3V 
CONTROL* 
INPUT 
OV 


BUS 
OUTPUT 


TL/F/5245-8 
*Input signal: f = 1.0 MHz, 50% duty cycle, t, = t} < Sns 
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DS3862 


ZA National 


Semiconductor 


DS3862 Octal High Speed Trapezoidal Bus Transceiver 


General Description 


The DS3862 is an octal high speed schottky bus transceiver 
intended for use with terminated 1200 impedances lines. It is 
specifically designed to reduce noise in unbalanced trans- 
mission systems. The open collector drivers generate pre- 
cise trapezoidal waveforms with rise and fall times of 9 ns 
(typical), which are relatively independent of capacitive 
loading conditions on the outputs. This reduces noise cou- 
pling to the adjacent lines without any appreciable impact 
on the maximum data rate obtainable with high speed bus 
transceivers. In addition, the receivers use a low pass filter 
in conjunction with a high speed comparator, to further en- 
hance the noise immunity. Tightly controlled threshold lev- 
els on the receiver provide equal rejection to both negative 
and positive going noise pulses on the bus. 

The external termination is intended to be a 1802 resistor 
from the bus to 5V logic supply, together with a 3902 resis- 
tor from the bus to ground. The bus can be terminated at 
one or both ends. 


Logic and Connection Diagram 


DS3862 


(CD) 
CHIP DISABLE 


Features 

m Guaranteed A.C. specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 

@ Temperature insensitive receiver thresholds track bus 
logic level and respond symmetrically to positive and 
negative going pulses 

@ Trapezoidal bus waveforms reduce noise coupling to 
adjacent lines 

w Open collector driver output allows wire-or connection 

m™ Advanced low power schottky technology 

@ Glitch free power up/down protection on driver and re- 
ceiver outputs 

@ TTL compatible driver and control inputs, and receiver 
outputs 

@ Control logic is the same as the DS3896 


Order Number DS3862J or DS3862N 
See NS Package Number J20A or 
N20A 


TL/F/8539-1 





Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Min Max Units 
Office/Distributors for availability and specifications. Supply Voltage,Vcc 4.75 5.25 V 


Supply Voltage 6V Operating Free Air Temperature 0 70 °C 
Control Input Voltage 5.5V 
Driver Input and Receiver Output 5.5V 
Receiver Input and Driver Output 5.5V 
Power Dissipation 1400 mW 
Storage Temperature Range —65°C to + 150°C 
Lead Temperature (Soldering, 4 seconds) 260°C 


c98€SG 


Electrical Characteristics oc < T, < 70°C, 4.75V < Vcc < 5.25V unless otherwise specified (Notes 2 and 3) 


Symbol Conditions Min | Typ | Max | Units 


Driver and Control Inputs: 


Logical ‘O” Input Voltage 
Logical ‘‘1” Input Current 


, 
| CD&T/F Logical “O” InputGurrent | cb=T/R=o4v |_| 100 | = 409 | 
| InputDiode Clamp Voltage | tolamp= -1amA_ || ~09 | = 18 | 


Low Level Bus Voltage An = T/R = 2V, Ibus = 100 mA | =| os | o9 | 


Logical ‘‘1”* Bus Current An = 0.8V, Bn = 4V, Voc = 5.25V and OV | | 40 | 100 | 
Logical ‘‘O” Bus Current : An = 0.8V, Bn = OV, Vcc = 5.25V and OV alte = oligo. 
Input Threshold 


Logical” OutputVotage | Bn=O.9V.lon=— 400A | 2a | 32 | 
| Logical“o” Output Voltage | Bn=aVii= tema || as | os 
| SupplyGurent | Voo= zy | 80 | 185 | 


Note 1: “Absolute Maximum Ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that device should be 
operated at these limits. The table of ‘Electrical Characteristics” provide conditions for actual device operation. 

Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3: All typicals are given for Vcg = 5V and Ta = 25°C. 
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DS3862 


Switching Characteristics orc < T, < 70°C, 4.75V < Voc < 5.25V unless otherwise specified 


symbol | __Parameter_ | Conitions, | min | Typ | Max | Units 


Driver: 


to. CD = 0,8V, T/A = 20V,VL=5V (Figuret) | | 12 | 20 | 
tDHL pete | 20 | 


are An = T/R = 2.0V, VL = BV, (Figure 1) 1-2 he. 
toHLC ee 


tpoLHT T/R to Bn VCl = An, VC = 5V, (Figure 2) 


ini CD = 0.8V, RC = 3900, CL = 30 pF 40 
RL1 = 919, RL2 = 2000, VL = 5V 
tr Driver Output Rise Time CD = 0.8V, T/R = 2V, VL = 5V (Figure 1) | 4 [9 | 20 | 
Driver Output Fall Time | 4 | 9 | 20 | 
Receiver: . 


RL CD = 0.8V, T/R = 0.8V (Figures) | | 1s | 25 | 
tRHL ee 


tRLzc CD to An Bn = 2.0V, T/R = 0.8V, CL = 5 pF 

RL1 = 3909, RL2 = NC, VL = 5V (Figure 4) 
tRZLC Bn = 2.0V, T/R = 0.8V, CL = 30 pF 

RL1 = 390, RL2 = 1.6K, VL = 5V (Figure 4) 
tRHZC’ Bn = O.8V, T/R = 0.8V, VL = OV, 

RL1 = 3909, RL2 = NC, CL = 5 pF (Figure 4) 
tRZHC Bn = 0.8V, T/R = 0.8V, VL = OV, 

RL1 = NC, RL2= 1.6K, CL = 30 pF (Figure 4) 


taLzt T/RtoAn VCl = Bn, VC = 3.4V, RC = 390 
CD = 0.8V, VL = 5V, RL1 = 3900, 
RL2 = NC, CL = 5 pF (Figure 2) 


tRZLT VCl = Bn, VC = 3.4V, RC = 399, 
CD = 0.8V, VL = 5V, RL1 = 3900, 
RL2 = 1.6K, CL = 30 pF (Figure 2) 


tRHZT VC! = Bn, VC = OV, RC = 390 

CD = 0.8V, VL = OV, RL1 = 3900, 

RL2 = NC, CL = 5pF (Figure J) 
tazZHT VCl = Bn, VC = OV, RC = 390, 

CD = 0.8V, VL = OV, RL1 = NC 

RL2 = 1.6K, CL = 30 pF (Figure 2) 


tnr Receiver Noise Rejection (Figure 5) 12 
Pulse Width 


Note: NC means open 
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Switching Waveforms 


(co) 
ov 


3V 


(An) 
ov 


V 
Vo (B,) OH 
Vou 


Note: t, = ty < 5ns from 10% to 90% 


Note: t, = t} s 5 ns from 10% to 90% 


2000 30 pF 
| (INCLUDES JIG CAPACITANCE) 


a TL/F/8539-2 


FIGURE 1. Driver Propagation Delays 


Ri2 C 
| (INCLUDES JIG CAPACITANCE) 


nm TL/F/8539-3 


FIGURE 2. Propagation Delay From T/R Pin to An or Bn. 
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DS3862 


1.6k0 = 30pF 
(INCLUDES JIG CAPACITANCE) 


= TL/F/8539-4 
Note: th = tr < 10 ns from 10% to 90% 


FIGURE 3. Receiver Propagation Delays 


DS3862 


TL/F/8539-5 


Note: t, = t} < 5ns from 10% to 90% 
FIGURE 4. Propagation Delay From CD Pin to An 
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Switching Waveforms (Continued) 


6k 30 pF 
(INCLUDES JIG CAPACITANCE) 


Note: t, = ty = 2 ns from 10% to 90% 
FIGURE 5. Receiver Noise lmmunity: No Response at Output Input Waveform. 


Typical Application 


5V 
1200 UNIFIED DATA BUS 


DS3862 


DS3862 


bowen anweeceae é 
bowmrrmrawmeoerecee dé 
Cwmeowreaeeeveea d 
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TL/F/8539-6 


TL/F/8539-7 
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DS3890/DS3892/DS3898 


Za National 


Semiconductor 


DS3890 BTL™ Octal Trapezoidal Driver 
DS3892 BTL™ Octal TRI-STATE® Receiver 
DS3898 BTL™ Octal Trapezoidal Repeater 


General Description 


The DS3890, DS3892 and DS3898 are designed specifical- 
ly to overcome problems associated with driving densely 
populated backplanes. These products provide significant 
improvement in both speed and data integrity in comparison 
to conventional bus drivers and receivers. Their low output 
capacitance, low voltage swing and noise immunity features 
make them ideal for driving low impedance busses with min- 
imum power dissipation. 

The DS3890 and DS3898 feature open collector outputs 
that generate precise trapezoidal waveforms with typical 
rise and fall times of 6 ns which are relatively independent 
of capacitive loading conditions. These controlled output 
characteristics significantly reduce noise coupling to adja- 
cent lines. 

To minimize bus loading, the DS3890 and DS3898 also fea- 
ture a schottky diode in series with the open collector out- 
puts that isolates the driver output capacitance in the dis- 
abled state. With this type of configuration the output low 


Logic and Connection Diagrams 
DS3892 Octal TRI-STATE Receiver 


DS3890 Octal Trapezoidal Driver 


TL/F/8700-1 


voltage is typically “iV”. The output high level is intended to 


‘ be 2 volts. This is achieved by terminating the bus with a pull 


up resistor. Both devices can drive an equivalent DC load of 
18.52 (or greater) in the defined configuration. 


(General Description to be continued) 


Features 

m Driver output capacitance less than 5 pF 

m@ 1 volt bus signal reduces power consumption 

@ Trapezoidal driver waveforms (t,, ts, typically 6 ns) re- 
duces noise coupling to adjacent lines 

m Precise receiver threshold track the bus logic high level 
to maximize noise immunity in both logic high ahd low 
states 
Open collector driver output allows wire-or connection 
Advanced low power schottky technology 
Glitch free power up/down protection 
TTL compatible driver and control inputs and receiver 
output 
BTL compatible 


DS3898 Octal Trapezoidal Repeater 


ie 
eels 


ceceme 
TE 


V 


TL/F/8700-2 TL/F/8700-3 


Order Numbers DS3890J, N, DS3892J, N or DS3898J, N 
See NS Package Number J20A or N20A 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 


Control Input Voltage 


Driver Input and R 


eceiver Output 


Receiver Input and Driver Output 
Storage Temperature Range ~65°C to + 165° 
Lead Temperature (Soldering, 4 sec.) 260° 


Cc 
Cc 


Recommended Operating 
Conditions 


Min Ma 
Supply Voltage 5.25 
Temperature (Ta) 0 7 


DS3890 Electrical Characteristics (Notes 2 and 3) 
DRIVER AND CONTROL INPUTS 


Symbol 
VIH 

Vit 

I An 
Ij Dis 


DRIVER OUTPUT 


-2 


a 


DS3892 Electrical Characteristics (Notes 2 and 3) 
CONTROL INPUTS 


RECEIVER 
VoL 
VOoH 
los 
VtH Rec 
liq Rec 
I, Rec 
li, Rec 
loc Low 
Ioc High 


Voc=Min loH=—400 pA 
Voc=Max Vout=0V 
Voc =5V 


Vcc = Max 


— 100 


— 
oO 
Nh 


. 

| Voc=Max Vn=av | | to] t0 
| Voo=ov Vw=av | TT t0 ST 
| Voo=Max vn=o7sv | | 

a aes, 

a a 
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DS3890/DS3892/DS3898 


DS3898 Electrical enaractonslics (Notes 2 and 3) 
CONTROL INPUTS 


Symbol Conditions ee ee Unite 


Vit 
Nie 
Voc=Max Vin=2.4V 
Voc=Max Vin=5.25V 
Voc=Min lin=—-12mA 
RECEIVER INPUT 


Voc=Max Vin=2V 
Voc=0V Vin=2V 
‘Voc= Max Vin=0.75V 


W—Yeo=min icwesn | avs | yo | te 


Voc = Max 


loc High 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The Table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All currents into device pins are shown as positive values; all currents out of the device are shown as negative; all voltages are referenced to ground unless 
otherwise specified. All values shown as max or min are classified on absolute value basis and apply to the full operating temperature and Voc range. 


Note 3: All typical values are Voc =5V, Ta= 25°C. 


DS3890 Switching Characteristics (Figure 1) 


(O°C<Tas70°C, 4.75V<Voco<5.25V unless otherwise specified) 


|___Conditions | in, | typ 


Anto Bn 


Dis to Bn 


Bn rise and fall time ee 


DS3892 — Characteristics (Figures 2 3 and 4 


Symbol |___endone | inf typ fx 


Tat Bnto An 
TpHL 


Taiz 


Taz _- Dis to An 
TgHz 





TdZH 


TNR ae 
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DS3898 Switching Characteristics (Figures 4 and 5 


Symbol 


Tat Bi to BOn 


Conditions ae Oa 


Tan ee ee 


Tat Dis to BOn 


10 18 


Tat a ae 


Tr & Ts 


Bn rise and fall time (a a (a Te 


General Descriptions (Continued) 

The DS3892 and DS3898 receiver inputs incorporate a low 
pass filter in conjunction with high speed comparator to fur- 
ther enhance the noise immunity. Both devices provide 
equal rejection to both positive and negative noise pulses 
(typically 6 ns) on the bus. 

The DS3890 features TTL compatible inputs while both the 
DS3892 and DS3898 inputs are BTL compatible. The con- 
trol inputs on all devices are TTL compatible. 

BTL “Backplane Transceiver Logic” is a new logic signaling 
method developed by IEEE P896 Future Bus Stan- 


AC Switching Waveforms 


DISABLE 


dards Committee. This standard was adopted to enhance 
the performance of Backplane Busses. BTL compatible bus 
interface circuits feature low capacitance drivers to mini- 
mize bus loading, a 1V nominal signal swing for reduced 
power consumption and receivers with precision thresholds 
for maximum noise immunity. This new standard overcomes 
some of the fundamental limitations of TTL bus transceivers 
in heavily loaded backplane bus applications. Devices de- 
signed to this standard provide significant improvements in 
switching speed and data integrity. 





TL/F/8700-4 


VL = 2.0 VOLTS 
O 


DS3890 


Note: tg=t-<10 ns from 10% to 90% 


Vo 


30 pF 
(INCLUDES JIG CAPACITANCE) 


TL/F/8700-5 


FIGURE 1 
Driver Propagation Delays 
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DS3890/DS3892/DS3898 


TL/F/8700-6 


(INCLUDES JIG CAPACITANCE) 


Note: tg=tr<10 ns from 10% to 90% TL/F/8700-7 


FIGURE 2. Receiver Propagation Delays 


Vi (DISABLE) 


DS3892 


G, 
| (INCLUDES JIG CAPACITANCE) 


TL/F/8700-14 


tpHz 


DS3892 


C, 
| (INCLUDES JIG CAPACITANCE) 


TL/F/8700-15 
Note: tg = tr < 5 ns from 10% to 90% 


TL/F/8700-8 


Cc 
L 
| (INCLUDES JIG CAPACITANCE) 


Note: ta = tr < 5 ns from 10% to 90% TL/F/8700-9 


tozH 


DS3892 


CL 
| (INCLUDES JIG CAPACITANCE) 


TL/F/8700~16 


FIGURE 3. Propagation Delay from Disable Pin to An 
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AC Switching Waveforms (continued) 


BUS LOGIC 
2V HIGH LEVEL 


BUS LOGIC 
LOW LEVEL 


TL/F/8700-10 


DS3892 


Pp’ 
(INCLUDES JIG CAPACITANCE) 


Note: ta = te < 2.ns from 10% to 90% TL/F/8700-11 
FIGURE 4 


Recelver Nolse Immunity: 
“No Response at Output” Input Waveforms 


DISABLE 


TL/F/8700-12 


VL = 2.0 VOLTS 
BI OR DISABLE OV 


DS3898 Vo 


30 pF 
(INCLUDES JIG CAPACITANCE) 


Note: tg = te < 10 ns from 10% to 90% TL/F/8700-13 
FIGURE 5 


Repeater Propagation Delays 
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DS3893A 


ZA National 


Semiconductor 


DS3893A BTL™ TURBOTRANSCEIVER™ 


General Description 


The TURBOTRANSCEIVER is designed for use in very high 
speed bus systems. The bus terminal characteristics of the 
TURBOTRANSCEIVER are referred to as “Backplane 
Transceiver Logic” (BTL). BTL is a new logic signaling stan- 
dard that has been developed to enhance the performance 
of backplane buses. BTL compatible transceivers feature 
low output capacitance drivers to minimize bus loading, a 
1V nominal signal swing for reduced power consumption 
and receivers with precision thresholds for maximum noise 
immunity. This new standard eliminates the settling time de- 
lays, that severely limit the TTL bus performance, to provide 
significantly higher bus transfer rates. 


The TURBOTRANSCEIVER is compatible with the require- 
ments of the proposed IEEE 896 Futurebus draft standard. 
It is similar to the DS3896/97 BTL TRAPEZOIDAL Trans- 
ceivers but the trapezoidal feature has been removed to 
improve the propagation delay. A stripline backplane is 
therefore required to reduce the crosstalk induced by the 
faster rise and fall times. This device can drive a 1029 load 
with a typical propagation delay of 3.5 ns for the driver and 
5 ns for the receiver. 


When multiple devices are used to drive a parallel bus, the 
driver enables can be tied together and used as a common 
control line to get on and off the bus. The driver enable 
delay is designed to be the same as the driver propagation 
delay in order to provide maximum speed in this configura- 
tion. The low input current on the enable pin eases the drive 
required for the common control line. 


Connection and Logic Diagram 


The bus driver is an open collector NPN with a Schottky 
diode in series to isolate the transistor output capacitance 
from the bus when the driver is in the inactive state. The 
active output low voltage is typically 1V. The bus is intended 
to be operated with termination resistors (selected to match 
the bus impedance) to 2.1V at both ends. Each of the resis- 
tors can be as low as 200. 


Features 

g Fast single ended transceiver (typical driver enable and 
receiver propagation delays are 3.5 ns and 5 ns) 

m@ Backplane Transceiver Logic (BTL™) levels (1V logic 
swing) 

m Less than 5 pF bus-port capacitance 

m Drives densely loaded backplanes with equivalent load 
impedances down to 109 

m 4 transceivers in 20 pin PCC package 

m Specially designed for stripline backplanes 

m Separate bus ground returns for each driver to minimize 
ground noise 

@ High impedance, MOS and TTL compatible inputs 

@ TRI-STATE® control for receiver outputs 

@ Built-in bandgap reference provides accurate receiver 
threshold 

m@ Glitch free power up/down protection on all outputs 

m Oxide isolated bipolar technology 


BG BUS 
GND GND 


TL/F/8698-1 


Order Number DS3893AV 
See NS Package Number V20A 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, Storage Temperature Range -65°C to + 150°C 
please contact the National Semiconductor Sales ‘Lead Temperature (Soldering, 3 sec.) 260°C 


Office/Distributors for availability and specifications. : 
Supply Voltage 6.5V Recommended Operating 


Control Input Voltage 5.5V Conditions 
Driver Input and Receiver Output 5.5V ; Min Max 


Driver Output Receiver Input Clamp Current +15mA a sae he va Me : 
pasty ona : us Termination Voltage (V7 : 2 

Po Dissipation at 70°C 900 
ree en pane mW Operating Free Air Temperature 0 70 


ve6sesa 


Electrical Characteristics (notes 2, 3 and 4) Ta = 0 to +70°C, Voc = 5V +10% 


DRIVER AND CONTROL INPUT: (DE, RE, Dn) 
[ inputtionvonaga | SCSC~C~CS~s—CSCSs Cd Cd 
inputtowvotags it SSCSCSSCSC*idCC‘ddSC 
RE inputLow Curent | RE=08V,Veg=Mex «| =| id C0 | 
F input inde Gianp Votape | kia = =12ma___———Ssid| Si id tr | 


DRIVER OUTPUT/RECEI!VER INPUT: (Bn) 


Output Low Bus Voltage Dn = DE = Vip (Figure 2) 
Rr = 109, Vr = 2.2V 7!) ae WL ee 


Dn = DE = Vp (Figure 2) 
Rr = 18.59, V7 = 2.14 


Output Bus Current (Power On) Dn = DE = 0.8V, Voc = Max 
Bn = 0.75V 

Output Bus Current (Power Off) Dn = DE = 0.8V, Voc = OV 
Bn = 1.2V 


Driver Output Positive Clamp Voc = Max or OV, Bn = 1mA [A ——~"| 
Voc = Max or OV, Bn = 10 mA as 


Output High Bus Voltage Voc = Max, Dn = 0.8V (Figure 2) 
Vr = 2.0V, Rr = 102 


Receiver Input Threshold 


RECEIVER OUTPUT: (Rn) 


Voltage Output High Bn = 1.2V, Ioh = —3 mA, RE = 0.8V | asv [fs 
Voltage Output Low Bn = 2V, Io| = 6 mA, RE = 0.8V 


| oss | os | 
[Vox 05v,RE= av SSCiESSS*Y Sida 
eel 


Output Short Circuit Current Bn = 1.2V, Vo = OV 
(Note 5) RE = 0.8V, Vcc = Max 


Supply Current Dn = DE = RE = Vin, Vcc = Max 


Note 1: “Absolute maximum ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should be 
operated at these limits. The table of “Electrical Characteristics” provide conditions for actual device operation. 


Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3: All typicals are given for Voc = 5V and Ta = 25°C. 

Note 4: Unused inputs should not be left floating. Tie unused inputs to either Vcc or GND thru a resistor. 

Note 5: Only one output at a time should be shorted. 
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DS3893A 


Switching Characteristics 1, = 0 to +70°C, Vog = 5V +10% 


symbol | Parameter, = |_——Coniitions =| «Min | Typ | Max | Units 

DRIVER: (Figures 3 and 6) 
Vr=2VRr=100,C,=90pF,DE=3v | 1 | 35 | 7 | 
[Driver inputto Output | Vr = 2V,Rr = 100,C.=30pF,DE=av | 1 | 35 | 7 | 
| OutputRisetime | Vr = 2V,Rr = 100,C. = 30pF,DE=av | 1 
| OutputFallTime | Vr = 2V,Ry = 100,C.=90pF,DE=av | 1 _ 
eee pe 

in Same Package 

DRIVER ENABLE: (Figures 3 and 6) . 

Vr = 2V, Rr = 100, C, = 30pF, Dn = 3V 


RECEIVER: (Figures 4 and 7) 


Receiver Input to Output = 50 pF, RE = DE = 0.3V, S3 Closed 


1 


CL 

Receiver Input to Output CL = 50 pF, RE = DE = 0.3V, S3 Open 
Skew Between Receivers (Note 1) 
in Same Package 

RECEIVER ENABLE: (Figures 5 and 8) oe 
Receiver Enable to CL = 50 pF, Ry. = 500, DE = 0.3V : 
Output Low S2Open Bn = 2V 
Receiver Enable to CL = 50 pF, R, = 500, DE = 0.3V 9 
Output High Si Open Bn= 1V 
Receiver Disable CL = 50 pF, Ry = 500, DE = 0.3V 
From Output Low S2Open Bn= 2V 


1 
1 
1 
1 


Receiver Disable CL = 50 pF, Ry. = 500, DE = 0.3V ; 1 
From Output High $1 Open Bn=1V 


Note 1: tp and tg skew is an absolute value, defined as differences seen in propagation delays between each of the drivers or receivers in the same package of the 
same delay, Vcc, temperature and load conditions. ; 





_ . " . 
: DS3893A Rye oe 
an asi ap ~ © Voie» Vous 
ners i fie 
— aoe Note: n = 1,2,3,4 


TL/F/8698-12 TL/F/8698-2 


FIGURE 1. Equivalent Bus Output FIGURE 2. Driver Output Voltage 















AC Test Circuits 
Vr 
Rr = 100 
Dn 
VDn(t) O " VBn(t) 
VDE(t) © C, = 30PF 
“[L cnetunes JIG CAPACITANCE) 
= TL/F/8698-3 
FIGURE 3 
VBn(t) O O VRn(t) 


C, = 5OPF 
R, = 1k | (INCLUDES JIG CAPACITANCE) 


TL/F/8698-4 
FIGURE 4 


>o 
es C_ = 50 PF 4 
“Lcvcvuves JIG CAPACITANCE) = 


— “= Note: Unless Otherwise Specified 
The Switches are Closed TL/F/8698-5 










FIGURE 5 


Switching Time Waveforms 


VDn(t) 3y 
OR 
VDE(t) -3V 


2V 
VBn(t) 
vol ————_—— 





tp=te <4ns FROM 10% TO 90% 


TL/F/8698-6 
FIGURE 6. Driver Propagation Delay 


2V 
VBn(t) . 1.55V 1.55V 
tPLH ‘PHL 
VOR ———+ 
VRn(t) 1.3V 1.3V 
VOL 


tp=tp <4ns FROM 10% TO 90% 


TL/F/8698~7 
FIGURE 7. Receiver Propagation Delay 
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DS3893A 


Switching Time Waveforms (Continued) 


VRE(t) = 
BV 


5V 

VRn(t) 
VOL 
VOH 


VRn(t) 
OV 
Note: ta = te < 4 ns From 10% to 90% 


Note: n = 1, 2,3, 4 


FIGURE 8. Receiver Enable and Disable Times 


Typical Application 


2.1V 


20 OHM LOADED BACKPLANE 


DS3893A 


Application Information 


Due to the high current and very high speed capability of the 
TURBOTRANSCEIVER’s driver output stage, circuit board 
layout and bus grounding are critical factors that affect the 
system performance. 


Each of the TURBOTRANSCEIVER’s bus ground pins 
should be connected to the nearest backplane ground pin 
with the shortest possible path. The ground pins on the con- 
nector should be distributed evenly through its length. 


Although the bandgap reference receiver threshold pro- 
vides sufficient DC noise margin (Figure 9), ground noise 
and ringing on the data paths could easily exceed this mar- 
gin if the series inductance of the traces and connectors are 
not kept to a minimum. The bandgap ground pin should be 
returned to the connector through a separate trace that 
does not carry transient switching currents. The transceiv- 
ers should be mounted as close as possible to the connec- 
tor. It should be noted that even one inch of trace can adda 
significant amount of ringing to the bus signal. 


1.9V 


1.625V 
1.475V 


1.2V 
TL/F/8698-10 
FIGURE 9. Noise Margin 
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DS3893A DS3893A 


e 
t ‘ 
i] ‘ 
' ‘ 
‘ ‘ 
‘ i] 
' ( 
‘ i] 
‘ ( 


TL/F/8698-9 


DS3893A 


FIGURE 10 


TL/F/8698-8 


STRIP=LINE BACKPLANE 


TL/F/8698-11 





Za National | 


Semiconductor 


DS3896/DS3897 BTL™ Trapezoidal™ Transceivers 


General Description 


These advanced transceivers are specifically designed to 
overcome problems associated with driving a densely popu- 
lated backplane, and thus provide significant improvement 
in both speed and data integrity. Their low output capaci- 
tance, low output signal swing and noise immunity features 
make them ideal for driving low impedance buses with mini- 
mum power consumption. 


The DS3896 is an octal high speed schottky bus transceiver 
with common control signals, whereas the DS3897 is a 
quad device with independent driver input and receiver out- 
put pins. The DS3897 has a separate driver disable for each 
driver and is, therefore, suitable for arbitration lines. On the 
other hand, the DS3896 provides high package density for 
data/address lines. 


The open collector drivers generate precise trapezoidal 
waveforms, which are relatively independent of capacitive 
loading conditions on the outputs. This significantly reduces 
noise coupling to adjacent lines. In addition, the receivers 
use a low pass filter in conjunction with a high speed com- 
parator, to further enhance the noise immunity and provide 
equal rejection to both negative and positive going noise 
pulses on the bus. 

To minimize bus loading, these devices also feature a 
schottky diode in series with the open collector output that 
isolates the driver output capacitance in the disabled state. 


The output low voltage is typically “1V” and the output high. 


level is intended to be 2V. This is achieved by terminating 
the bus with a pull up resistor to 2V at both ends. The device 
can drive an equivalent DC load of 18.52 (or greater) in the 
above configuration. 


Logic Diagrams 
DS3896N, J, M 





TL/F/8510~1 


These signalling requirements, including a 1 volt signal 
swing, low output capacitance and precise receiver thresh- 


‘olds are referred to as Bus Transceiver Logic (BTL™), 


Features 

m 8 bit DS3896 transceiver provides high package density 

gm 4 bit DS3897 transceiver provides separate driver input 
and receiver output pins 

a BTL compatible 

g Less than 5 pF output capacitance for minimal bus 
loading 

m 1 Volt bus signal swing reduces power consumption 

O Trapezoida! driver waveforms (t,, ts = 6 ns typical) re- 
duce noise coupling to adjacent lines 

a Temperature insensitive receiver thresholds track the 
bus logic high level to maximize noise immunity in both 
high and low states 

& Guaranteed A.C. specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 

m Open collector driver output allows wire-or connection 

g Advanced low power schottky technology 

g@ Glitch free power up/down protection on driver and re- 
ceiver outputs 

& TTL compatible driver and control inputs and receiver 
outputs 


DS3897N, J, M 








fe 


D1 


Ri 


D2 


‘ 






R2 


Voc 


D3 


wk 
oil a eel 


Pee a 
mi! 





TL/F/8510-2 
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DS3896/DS3897 


Absolute Maximum Ratings (note 1) Recommended Operating 

If Military/Aerospace specified devices are required, Conditions 

please contact the National Semiconductor Sales Min Max 
Office/Distributors for availability and specifications. Supply Voltage, Voc 4.75 5.25 
Supply Voltage os 6V Bus Termination Voltage 1.90 2.10 
Control Input Voltage 5.5V Operating Free Air Temperature 0 70 
Driver Input and Receiver Output 5.5V 


Receiver Input and Driver Output 2.5V 
Power Dissipation at 70°C N Package 1480 mW 

J Package 1250 mW 
Storage Temperature Range —65°C to + 150°C 
Lead Temperature (Soldering, 4 sec.) 260°C 


Electrical Characteristics: (Note 2 and 3) (0°C < Ta, < 70°C, 4.75V < Vcc < 5.25V unless otherwise specified) 
Symbol _—_Peremeter_|_____—_Conitiore__j wn {typ | noe | Units 
Driver and Control Inputs: (An, Dn, En, CD, T/R. 

Logical ‘‘1” Input Voltage 
Logical ‘‘O” Input Voltage 


Logical “1” Input Current An = Dn = En = Voc 


An = Dn = En = 24V 
An = Dn = En = 0.4V 





An = Dn = En = T/R = 2V, VL = 2V 
RL = 18.59, CD = TE = 0.8V (Figure 7) 


An = Dn = En = 0.8V, Voc = 5.25V 
Bn = 2V 


Maximum Bus Current (Power Off) | An = Dn = En = 0.8V, Voc = OV 
Bn = 2V 


| Receiver Input Threshold | Voc = 5V 


Bn = 1.2V, lou = —400 pA 
CD = T/R = RE = 0.8V 


Bn = 2V, lo. = 16mA 
CD = T/R = RE = 0.8V 


Bn = 1.2V 
CD = T/R = RE = 0.8V 


| Supply Current (DS389e) si Current (DS3896) Voc = 5.25V 


Supply Current (DS3897) Voc = 5.25V 


Note 1. “Absolute maximum ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should be 
operated at these limits. The table of “Electrical Characteristic” provide conditions for actual device operation. 

Note 2. All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3. All typicals are given for Vcc = 5V and Tg = 25°C. 
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DS3896 Switching Characteristics 


(°C < Ta < 70°C, 4.75V < Veco < 5.25V unless otherwise specified) 


Symbol | Parameter | Conditions| mtin. | Typ | Max | Units 


Driver: 


CD to Bn 

T/R to Bn VGCI = An, VC = 5V, 
CD = 0.8V, RC = 3900, CL = 30 pF 
RL1 = 180, RL2 = NC, VL = 2V 


Driver Output Rise Time | CD = 0.8V,T/R = 2V, VL = 2V le ae | 26 ll. Oe 
Driver Output Fall Time (Figure 2) | 3 | 6 | 10 | 
Receiver: 


ele ome | 
om rgwo) [~s_| 10 | 18 | 


taLzc CD to An Bn = 2.0V, T/R = 0.8V,CL = 5 pF 10 18 
RL1 = 3909, RL2 = NC, VL = 5V_ (Figure 4) 

tazic Bn = 2.0V, T/R = 0.8V, CL = 30 pF 15 
RL1 = 3900, RL2 = 1.6k, VL = 5V (Figure 4) 

tRHZzC Bn = 0.8V, T/R = 0.8V, VL = OV, 4 
RL1 = 3909, RL2 = NC, CL = 5 pF (Figure 4) 

tRZHC Bn = 0.8V, T/R = 0.8V, VL = OV, 
RL1 = NC, RL2 = 1.6k, CL = 30 pF (Figure 4) 


tRLZzT T/R to An VCl = Bn, VC = 2V, RC = 180, 

CD = 0.8V, VL = 5V, RL1 = 3900, 

RL2 = NC, CL = 5pF (Figure 5) 
tR2LT VCl = Bn, VC = 2V, RC = 180, 

CD = 0.8V, VL = 5V, RL1 = 3900, 

RL2 = 1.6k, CL = 30 pF (Figure 5) 
tRHZT VCl = Bn, VC = OV, RC = 189, 

CD = 0.8V, VL = OV, RL1 = 3900, 

RL2 = NC, CL = 5 pF (Figure 5) 
tRZHT VCI = Bn, VC = OV, RC = 180, 

CD = 0.8V, VL = OV, RL1 = NC 

RL2 = 1.6k, CL = 30 pF (Figure 5) 


tnr Receiver Noise (Figure 6) 
Rejection Pulse Width 


Note: NC means open 


DS3897 Switching Characteristics 


(O°C < Tag < 70°C, 4.75V < Voc < 5.25V unless otherwise specified) 


symbol | Parameter | Conditions_ 


Driver: 





Dn, En to Bn 


TE to Bn 
Driver Output Rise Time 
Driver Output Fall Time 
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DS3896/DS3897 


DS3897 Switching Characteristics (Continued) 
(°C < Ta < 70°C, 4.75V < Voc < 5.25V unless otherwise specified) 


Receiver: 


meee ae 


Bn = TE = 2V, VL = 5V,CL = 5pF 
RL1 = 390, RL2 = NC 





Bn = TE = 2V, VL = 5V,CL = 30 pF 
RL1 = 390, RL2 = 1.6k (Figure 4) 
Bn = 0.8V, TE = 2V, VL = OV, 


RL1 = 3909, RL2 = NC, CL = 5 pF(Figure 4) 


Bn = 0.8V, TE = 2V, VL = OV, 
RL1 = NC, RL2 = 1.6k, CL = 30 pF (Figure 4 


Driver plus Receiver: 


Note: NC means open 


DS3896 
OR 
DS3897 
TL/F/8510-3 


FIGURE 1. Driver Output Low Voltage Test 


3V 
(An, Dn, En) 
OV 


Voh 
Vo (Bn) Vol 


TL/F/8510-4 


Note: t, = t; < 5 ns from 10% to 90% 
FIGURE 2. Driver Propagation Delays — 
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Voh 
Vo (An, Rn) 


DS3896 


Note: ta = te < 10 ns from 10% to 90% 


FIGURE 3. Receiver Propagation Delays 


DS3896 
OR 
ps3a97_| (An) 


Note: t; = ts < 5.ns from 10% to 90% 


FIGURE 4. Propagation Delay from CD pin to An 
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DS3896/DS3897 


_. 3V 
Vi(T/R) 
ov 


Vo (Bn) 


Vo (An) 


DS3896 
OR 
DS3897 


TL/F/8510-7 
Note: t, = t; < 5 ns from 10% to 90% 


FIGURE 5. Propagation Delay from T/R pin to An or Bn 


gy BUS LOGIC 
HIGH LEVEL 


BUS LOGIC 
LOW LEVEL 


DS3896 
OR 
DS3897 


TL/F/8510-8 
Note: t, = t; = 2 ns from 10% to 90% 


FIGURE 6. Receiver Noise Immunity: “No Response at Output” Input Waveforms 
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TL/F/8510~9 
Note: t; = t} < 5 ws from 10% to 90% 


FIGURE 7. Driver Plus Recelver Delays 


Typical Application 


2V 
390 25% 





| DS3896 /DS3897 | | DS3896 /DS3897 | | DS3896 | /DS3897' | DS3896 /DS3897' | ps3896 /DS3897 | 
i] 


peewee enn ene es 


TL/F/8510-10 
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AN-514 


Timing Analysis of 
Synchronous and 
Asynchronous Busses 


ABSTRACT 


This paper presents detailed examples of bus timing calcu- 
lations for both synchronous and asynchronous busses, 
showing that bus throughput can be maximized by taking 
into account the characteristics and limitations of the trans- 
ceiver technology being used. Based on these examples, a 
performance analysis of the currently available high speed 
bus interface technologies is made in terms of their maxi- 
mum attainable transfer rate on both types of backplane 
busses. The results show that the use of a faster transceiv- 
er, as judged by its data sheet, doesn’t necessarily result in 
a faster bus. 


INTRODUCTION 


In order to derive the highest possible throughput from a 
backplane bus, a careful analysis and optimization of timing 
parameters is essential. The maximum speed attainable at 
the physical level of the bus is a function of the transceiver 
technology, the electrical length of the bus, and the type of 
protocol, synchronous or asynchronous, being used. A clear 
understanding of the bus timing constraints lets the design- 
er take best advantage of a given technology, such as TTL, 
ECL, or BTL (Backplane Transceiver Logic). Contrary to in- 
tuitive thinking, a faster transceiver will not always result in a 
faster bus. It can be shown through examples that greater 
bus transfer rates can be obtained by using specially de- 
signed bus transceivers, such as the BTL Trapezoidal, that 
at first glance may appear to be slower than the equivalent 
AS or FAST devices. These devices, in addition to improv- 
ing bus bandwidth, also reduce crosstalk, ground noise, and 
system power requirements. 


BUS PROPAGATION DELAY AND SETTLING TIME 


Traditionally, system designers have used standard TTL de- 
vices to drive the backplane bus. Unfortunately, although 
TTL appears to provide fast rise and fall times, it cannot 
cleanly drive the capacitance of a loaded backplane or the 
resistance required for proper termination. BTL technology 
is a result of work that was done within the IEEE 896.1 
Futurebus committee specifically to solve the problems of 
driving a backplane with transmission-line characteristics. 
By using a smaller voltage swing, lower capacitance drivers, 
and receivers with precision thresholds, BTL transceivers 
overcome the “bus driving problem.” 


Simply stated, the problem is one of driving a low imped- 
ance transmission line (Figures 7 and 2). The capacitive 
loading of a bus due to TTL transceivers reduces its imped- 
ance from an unloaded value of 60-1002 to a fully loaded 
impedance of less than 200. A properly matched termina- 


‘tion resistance would therefore require a current of over 


300 mA in order to cleanly drive a 3V nominal TTL swing! 
Since most TTL drivers cannot supply this current, they 
must depend on reflections to build up the bus voltage to a 
DC level. This results in a settling-time penalty of one or 
more bus round-trip propagation delays on every signal 
transition, or 35 ns on a typical 20” TTL bus. 
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The low output capacitance of BTL transceivers allows the 
total capacitive loading of a card in a backplane to be kept 
under 10 pF. This doubles the impedance of a loaded bus to 
almost 309. BTL also specifies a reduced signal swing of 
1V, which allows a properly terminated bus to be driven 
cleanly at under 75 mA. Consequently, there are no reflec- 
tions, and the settling time is zero. A BTL driver can be 
guaranteed to cross the threshold of every receiver on the 
backplane with the incident edge of a signal wavefront. 


The propagation delay of a bus is also a strong function of 
the capacitive loading. In the TTL case, the capacitive load- 
ing increases the signal propagation delay by a factor of 3 to 
5 over an unloaded bus. In a 20” bus, BTL can reduce this 
delay from a value of 13 ns in the TTL case to less than 
9 ns, increasing the potential bus bandwidth significantly. 


SYNCHRONOUS BUS TIMING 


For our first example, let’s consider burst data transfers on 
a synchronous bus. In many backplane systems, burst 
transfers provide the highest performance, because the 
overhead associated with the address cycle can be spread 
out over a number of data cycles. Although other types of 
transactions may be more complex and require more time 
(clock cycles), it is likely that many systems will be opti- 
mized for burst transfers. 

In this example, we are making some simplifying assump- 
tions which ignore some of the penalties associated with a 
general-purpose synchronous bus. One of these is that the 
entire interface is synchronized to the bus clock. In general, 
each card in a backplane will be running off of its own inter- 
nal high-speed clock. This results in resynchronization me- 
tastability problems at both the master and slave interfaces, 
as well as a clock latency penalty of typically 50% of the 
clock period. We are also ignoring the return of status from 
the slave on each data transfer, by assuming all status can 
be generated before the data is clocked. This would not be 
true, for example, if parity had to be verified before the next 
data transfer could take place. 


Clock Skew 

In this example, the system clock is being distributed to 
each board through a clock line on the backplane. Since the 
clock line is being driven from a single point, the loaded 
capacitance on it is considerably less than on most other 
lines, and the settling time is typically zero, even in a TTL- 
based backplane. Due to the finite propagation delay across 
the bus, however, the clock edge still arrives at each board 
at different times, creating a relative edge inaccuracy com- 
monly referred to as clock skew. 


The worst-case skew can be cut in half by locating the clock 
source centrally on the backplane, rather than at one end. 
Additional clock skew will be introduced by the propagation 
delay differences in the receiver and logic gates that pro- 
cess the clock signal between boards. For a typical 20” 
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TTL 


data sheet 


TL/F/9633-1 


BTL (Trapezoidal) 


Driver Zero 
Prop. Delay Settling Time 
15ns 


TL/F/9633-2 


FIGURE 1. Settling Times 


bus, with the clock driver located at the midpoint, total skew 
can easily exceed 10 ns; in our case, 5 ns for the bus, plus 
7 ns for the receiver and a transparent latch used to imple- 
ment bus wait states. 


Synchronous Data Transfer Timing 


In this example (Figure 3), the worst case data propagation 
delay from the master to the slave is simply the sum of the 
delays of the individual components of the data path. This 
path travels through the master’s edge-triggered flip-flop 
and bus driver, across the length of the bus, and then 
through the slave’s bus receiver and flip-flop, where the in- 
coming data is latched. However, because this is a synchro- 
nous system, the data can be “pipelined” to some extent 
within the intervening logic. This means that the minimum 
clock cycle possible under this configuration is the sum of 
the logic skews, plus the maximum bus propagation delay, 
the set-up and hold times of the receiver, and the clock 
skew (Figure 4). 


The advantage of a synchronous system is that the abso- . 


lute timing requirements are set by the clock; the entire sys- 
tem can be optimized with this constraint in mind. This can 
become a disadvantage as technology advances beyond 
the point at which the synchronous bus was designed. A 
synchronous system must be continually redesigned for 
higher clock rates in order to take advantage of improve- 
ments in technology. Synchronous busses are therefore 
more suited to specific applications than to general-pur- 
pose, extended lifespan products. 
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Synchronous Timing Calculations 


The first set of calculations assumes a TTL bus with AS 
transceivers and logic. As can be seen, the bus settling time 
overwhelms all the other skews and delays in the system. 
The upper limit of a discrete TTL synchronous bus imple- 
mentation is roughly 15 MT (megatransfers/second). No 
particular advantage is gained by using FAST devices be- 
cause, while the maximum propagation delays specified for 
that family are shorter than for AS, the maximum skews are 


_ generally greater. The effect of skew specifications is anoth- 


er subtlety of system performance analysis. 


Two types of BTL transceivers are currently available, the 
BTL Trapezoidal and the BTL Turbo. The Trapezoidal trans- 
ceivers have controlled rise and fall times on their drivers of 
6 ns (nominal) to reduce crosstalk interference and switch- 
ing noise within the backplane. In addition, the receivers 
incorporate crosstalk filters that practically eliminate far-end 
crosstalk problems on the bus. The Turbo transceivers elim- 
inate these Trapezoidal features, but are much faster as a 
result. Switching noise problems are overcome by the use 
of individual ground return lines for each driver. Stripline 
backplane construction and careful layout techniques are 
required to minimize crosstalk. 


Although the BTL Trapezoidal transceiver delays are much 
greater than those of the TTL devices, the absence of set- 
tling time results in a smaller overall clock cycle time. A 
maximum transfer rate of 18 MT becomes possible. When 
the Turbo devices are used, system throughput increases to 
24 MT in this discrete implementation. 
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Ls — t, 
Piigl 


Cy (TTL) = 25 pF/0.8" = 375 pF/ft. 
Cy. (BTL) = 10 pF/0.8” = 150 pF/ft. 


TL/F/9633-3 


Zo ~ 752 Unloaded Bus Impedance 
Co = 20 pF/ft. Distributed Capacitance of Unloaded Bus 
To ~ 1.8 ns/ft. Unloaded Bus Propagation Delay 


ZL = Zo/V¥1 + (CL/Co) Loaded Bus Impedance 
TL =LX To xX ¥1+(C./Co) Loaded Propagation Delay 


TL(TTL) ~ 13.3 ns TL(BTL) ~ 8.75 ns 


FIGURE 2. Effects of Capacitive Loading 


CLK '374 


HOLD 


H 
NEW DATA IN DATA OUT 
FIGURE 3. Synchronous Bus Logic for Burst Data Transfers 


TL/F/9633-4 


TTL BTL 

AS Trap Turbo 
1) Max '374 Skew 5.0 5.0 ‘5.0 
2) Max Bus Driver Skew 4.5 10.0 5.0 
3) Max Bus Delay 35.0 9.0 9.0 
_ 4) Max Bus Receiver Skew 4.5 13.0 6.0 
5) Max '374 Setup and Hold 5.0 5.0 5.0 
6) Max Clock Skew 12.0 12.0 12.0 


TOTAL (ns) 66.0 54.0 42.0 
MTransfers/second 18.5 18.5 23.8 


FIGURE 4. Synchronous Burst Data Transfer Timing 
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TTL 

DELAY 1 AS 
1) Max XOR Delay 6.5 
2) Max ’374 Delay 9.0 
3) Max Data Driver Delay 6.5 
4) <Min ‘533 Delay> —4.0 
5) <Min Sync Driver Delay> —2.0 


TOTAL (ns) 16.0 


DELAY 2 


1) Max XOR Delay 

2) Max '374 Hold Time 

3) Delay 3 

4) <Min’373 Delay> 

5) <Min Ack Driver Delay> 

5) <Min Data Receiver Delay> 


TOTAL (ns) 


DELAY 3 


1) Max Data Receiver Delay 

2) Max ’374 Setup Time 

4) <Min Sync Receiver Delay> 
5) <Min XOR Delay> 


TOTAL (ns) 


FIGURE 6. Asynchronous Bus Logic Delay Calculations 
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'374 


TL/F/9633-5 


TL/F/9633-6 


TL/F/9633-7 


TL/F/9633-8 
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1) Max Ack Receiver Delay 
2) Max ’533 Delay 

3) Delay 1 

4) Max Sync Driver Delay 

5) Max Bus Delay + Skew 
6) Max Sync Receiver Delay 
7) Max '373 Delay . 

8) Delay 2 

9) Max Ack Driver Delay 

10) Max Bus Delay 


TOTAL (ns) 
MTransfers/second 


6.0 
7.5 
6.5 
35.0 


133.0 


18.0 

7.5 
21.5 
15.0 
10.0 
18.0 

6.0 
10.0 
15.0 

9.0 


130.0 
7.7 


7.5 
16.5 
7.0 
10.0 
8.0 
6.0 
9.0 
7.0 
9.0 


88.0 


7.5 11.4 


FIGURE 7. Asynchronous Burst Data Transfer Timing 
(Worst Case) 


The largest cycle time delay in the final BTL Turbo example 
is clock skew. Bus skews can be reduced by distributing the 
clock to each board independently, using a dedicated trace 
on the backplane such that all lines are of equal length. This 
makes the clock propagation delay from the driver to each 
board the same, and thus practically eliminates the bus 


skew. In addition, better tolerances on driver, receiver, and 
logic propagation delays (smaller skews) will improve both 
the clock skew and the effect of transceiver delays on the 
cycle time. 


ASYNCHRONOUS BUS TIMING 


Our second example is also of a burst transfer, but this time 
using asynchronous bus timing. In this system, the master 
issues a strobe along with the data, and waits for an ac- 
knowledgement from the slave before removing the current 
data from the bus lines. All timing is controlled by the two 
participants in the data transfer. (Once again, we are as- 
suming that new status does not have to be generated on 
each data transfer.) 


The greatest advantage of an asynchronous bus protocol is 
its ability to adapt the speed of the bus to the speed of any 
two communicating boards. The most flexibility is achieved 
when no technology dependencies are introduced into the 
protocol. Unlike a synchronous system, where every board 
is designed with the same timing constraints in mind, a tech- 
nology-independent module is designed with no assump- 
tions about the timing of the rest of the system. Instead, 
each transmitting board simply guarantees that its data is 
valid on the bus at least zero nanoseconds before it issues 
its synchronization signal, and each receiving board is re- 
sponsible for ensuring that its data has been successfully 
latched before issuing an acknowledge. The protocol itself 
imposes no artificial set-up or hold time limitations. 
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The result of this lack of timing constraints is that a board 
built today, using today’s technology, is guaranteed to work 
in a system designed perhaps twenty years from now. That 
system will be forced to slow down whenever necessary to 
accommodate the greater internal delays and skews of the 
older module. However, if two future modules are communi- 
cating, they will transfer data at the maximum rate allowed 
by the future technology. The new IEEE Futurebus standard 
implements this type of protocol. 


ASYNCHRONOUS DATA TRANSFER TIMING 


The requirement that boards generate their own data syn- 
chronization and acknowledge signals, and the likelihood of 
zero set-up and hold times on the bus, make the timing of 
the asynchronous system more complicated than the previ- 
ous example (Figure 5). Also, we are maximizing the per- 
formance of the sync/ack handshake by transferring data 
oneach signal transition. This is known as a two-edge hand- 
shake. 


On the master side, the board must guarantee that its data 
is valid on the bus before issuing the synchronization signal. 
This means that a delay must be inserted in the sync signal 
path (Delay 1) which includes the maximum propagation de- 
lays through the XOR clock generation circuit, edge-trig- 
gered flip-flop, and data bus driver. This is excessive, how- 
ever, because the minimum delays through the syne latch 
and bus driver can be subtracted (Figure 6). 


On the slave side, delays are required to guarantee that 
both the set-up and hold time specifications of the data 
latch are met. The set-up time delay (Delay 3) ensures that 
the sync signal, which may have minimum propagation de- 
lays through the sync bus receiver and XOR clock genera- 
tor, arrives at the edge-triggered data flip-flop a set-up time 
after the data, which may have a maximum delay through 





1) Min Ack Receiver Delay 
2) Min '533 Delay 

3) Delay 1 

4) Min Sync Driver Delay 

5) Min Bus Delay + Skew 
6) Min Sync Receiver Delay 
7) Min ’373 Delay 

8) Delay 2 

9) Min Ack Driver Delay 

10) Min Bus Delay 


TOTAL (ns) 
MTransfers/second 


BTL 
Trap Turbo 
5.0 2.0 
4.0 4.0 
21.5 16.5 
5.0 2.0 
1.0 1.0 
5.0 2.0 
3.5 3.5 3.5 
7.5 10.0 9.0 
2.0 5.0 2.0 


35.0 0.0 0.0 
109.0 


60.0 
9.2 16.7 


42.0 
23.8 


FIGURE 8. Asynchronous Burst Data Transfer Timing 
(Best Case) 


the data bus receiver. The hold time delay (Delay 2) ensures 
that the data remains at the data flip-flop a hold time after 
the sync signal, which this time may have a maximum prop- 
agation delay through the XOR and the set-up time delay 
element just introduced. Since the removal of data is con- 
trolled by the ack signal, the hold time delay can be reduced 
by the minimum delays through the ack latch and bus driver, 
and the minimum propagation delay of the data bus receiv- 
er. 


This is all very confusing at first, but these delay elements 
now in place in our circuit guarantee the receiver set-up and 
hold time requirements while maintaining the technology in- 
dependence of the bus protocol. Now we can calculate the 
burst data transfer rate on this asynchronous bus. 


The critical path is now the sync/ack handshake. The circuit 
delays are in place to make sure that data is transferred 
successfully. To calculate the transfer rate, simply add up all 
the propagation delays through the sync/ack loop (Figures 
7 and 8): on the master, the ack receiver, the sync latch, 
Delay 1, and the sync driver; a bus propagation delay; on 
the slave, the sync receiver, the ack latch, Delay 2, and the 
ack driver; and another bus propagation delay. 


Should you use worst-case values throughout your evalua- 
tion? The beauty of a technology-independent asynchro- 
nous protocol is that is will adapt to the speed of the individ- 
ual logic elements in the sync/ack handshake path. If all the 
devices happen to have worst-case characteristics, then 
yes. If they are all fast parts, however, then data transfer wil! 
take place under best-case conditions. Both calculations 
are included, providing the expected operating range of the 
circuit. 
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ASYNCHRONOUS TIMING CALCULATIONS 


Once again, the TTL design is overwhelmed by the settling 
time of the bus. Since the sync/ack signal pair are acting as 
clocks in this system, glitches that may occur during the 
signal settling time are intolerable. This means that the 
35 ns bus settling time must be hard-wired into the receiver 
logic, and cannot be reduced under best-case conditions. 
The performance of an asynchronous TTL backplane, from 
7.5 to 9.2 MT, cannot approach that of a similar synchro- 
nous backplane. 


The BTL Trapezoidal system has very similar performance 
to a TTL backplane under worst-case conditions. However, 
because there is no settling time penalty associated with 
BTL signals, the effect of improvements in device operation 
have a far more pronounced effect. In the best case, the 
performance is close to that of the equivalent synchronous 
system. Also, since the bus signal propagation delay is a 
function only of the distance between the two boards, mod- 
ules placed in adjacent slots will experience almost no 
backplane delays. 

A BTL Turbo board benefits from the same clean electrical 
environment that a Trapezoidal one does, except with a 40-— 
50% overall improvement in performance. In the best case, 
the performance is the same as that of the equivalent syn- 
chronous system. Of course, as device parameters improve, 
with lower propagation delays and skews, the performance 
of the asynchronous system will continue to improve. The 
largest reductions in the transfer cycle time will come as 
interfaces for asynchronous busses such as Futurebus are 
integrated onto a single piece of silicon, where skews and 
delays can be more tightly controlled. 
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CONCLUSION 


The use of transceivers designed specifically for the trans- 
mission-line environment typical in today’s high-speed back- 
planes provides advantages in both the performance and 
electrical integrity of a system. The advantages of BTL only 
become obvious after a careful analysis of data transfer tim- 
ing considerations. The Trapezoidal and Turbo options pro- 
vide a designer with the opportunity to make the appropriate 
application-dependent cost/performance tradeoffs. A 
sometimes controversial issue is the appropriateness of a 
synchronous versus an asynchronous design. The former 
will usually provide an immediate performance advantage in 
a fully synchronized environment, but a carefully-designed 
general-purpose asynchronous protocol will often have a 
longer useful product life. 
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TABLE I. Device Parameters 


Device 


DM74AS374 
Edge-Triggered Flip-Flop 
DM74AS373 
Transparent Latch 


DM74AS533 
Inverting Transparent Latch 


DM74AS86 
2-Input XOR 


DM74AS240 

Bus Driver/Receiver 
DM74AS242 

Bus Transceiver 


DS3896 
BTL Trapezoidal Transceiver 


DS3893 
BTL Turbo Transceiver 


Note: Values in boldface are those used in the preceding calculations. 


6.0 
: 4.0 , 7.5 x 
ee ee esa 
Other Input L 6.5 4.5 
Other Input H 6.0 5.0 
LH 6.5 4.5 
HL 5.7 3.7 
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Parameter Minimum Maximum Setup/Hold 
— Prop. Delay Pree. a P 


2.0/3.0 


LH 6.5 4.5 
HL 5.7 3.7 
- 18.0 
15.0 
8.0 6.0 
7.0 5.0 
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DS75160A/DS75161A/DS75162A 


IEEE-488 GPIB Transceivers 


General Description 


This family of high-speed-Schottky 8-channel bi-directional 
transceivers is designed to interface TTL/MOS logic to the 
IEEE Standard 488-1978 General Purpose Interface Bus 
(GPIB). PNP inputs are used at all driver inputs for minimum 
loading, and hysteresis is provided at all receiver inputs for 
added noise margin. The IEEE-488 required bus termination 
is provided internally with an active turn-off feature which 
disconnects the termination from the bus when Vcc is re- 
moved. 


The Genera! Purpose Interface Bus is comprised of 16 sig- 
nal lines — 8 for data and 8 for interface management. The 
data lines are always implemented with DS75160A, and the 
management lines are either implemented with DS75161A 
in a single-controller system, or with DS75162A in a multi- 
controller system. 


Connection Diagrams 


Features 

@ 8-channel bi-directional non-inverting transceivers 

@ Bi-directional contro! implemented with TRI-STATE® 
output design 

Meets IEEE Standard 488-1978 

High-speed Schottky design 

Low power consumption 

High impedance PNP inputs (drivers) 

500 mV (typ) input hysteresis (receivers) 

On-chip bus terminators 

No bus loading when Vcc is removed 

Pin selectable open collector mode on DS75160A driv- 
er outputs 

@ Accommodates multi-controller systems 


Dual-In-Line Package 


OS75160A 


TERMINAL 


TL/F/5804-1 


Top View 


Order Number DS75160AN or DS75160AWM 
See NS Package Number M20B or N20A 
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DS75160A/DS75161A/DS75162A 


Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Vcc, Supply Voltage 4.75 
Office/Distributors for availability and specifications. Ta, Ambient Temperature 0 


Supply Voltage, Voc 7.0V lo, Output Low Current 
Input Voltage 5.5V Bus — 

Storage Temperature Range —65°C to + 150°C Terminal 

Lead Temperature (Soldering, 4 sec.) 260°C 


Maximum Power Dissipation* at 25°C 
Molded Package 1897 mW 
“Derate molded package 15.2 mW/°C above 25°C. 


Electrical Characteristics (notes 2 and 3) 


i) 
~ 
oo is | 
Cc 
<j<cjJ<ciz 
o 


Vou High-Level Terminal lon = —800 pA 
O O B 
OutputVoltage | Bus (Note 5) 
Low-Level Terminal lo. = 16mA 
ure 
eae ‘ Terminaland |YU= 55V 
P TE,PE,DC, | Vi=27V 
| = 0. 


Low-Level SC Inputs V; = 0.5V 
Input Current 


0.4 


=y 
o 
Oo 


oO 
— 


-—10 | —100 


nN i) 
a ol 


VBIAS Terminator Bias Driver = 
Voltage at Bus Port Disabled liugy="0 (No‘Lead) 
Terminator Vi(bus) = —1.5V to 0.4V = 
Bus Loading Vi(bus) = 0.4V to 2.5V 


Current ; 
Driver 
Disabled Vi(bus) = 2.5V to 3.7V 


— 
a 


oln~w | 
RIO N 
a 


Vi(bus) = 3.7V to 5V 
Vi(bus) = 5V to 5.5V 0.7 
Voc = OV, Vi(bus) = OV to 2.5V 


Short-Circuit Terminal Vi = 2V, Vo = OV (Note 4) —15 
Output Current Bus (Note 5) . 


Supply Current Transmit, TE = 2V, PE = 2V, V; = 0.8V 
Receive, TE = 0.8V, PE = 2V, V| = 0.8V 
DS75161A TE = 0.8V, DC = 0.8V, V; = 0.8V 
DS75162A TE = 0.8V, DC = 0.8V, SC = 2V, V; = 0.8V 


Cin Bus-Port Voc = 5V or OV, V; = OV to 2V, 
Capacitance f = 1 MHz 


Note 1: Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for Ta = 25°C and Voc = 5.0V. 


Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 


Note 4: Only one output at a time should be shorted. 
Note 5: This characteristic does not apply to outputs on DS75161A and DS75162A that are open collector. 


DS75160A 


ula 8 
°o N 
Qia 





pF 
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Switching Characteristics Vcc = 5.0v +5%, Ta = 0°C to 70°C (Note 1) 


Min | Typ | Max| atin | Typ | Max | Min | Typ | Max | 
tpLH Propagation Delay Time, VL = 2.3V 
Low to High Level Output Ry = 38.39. 
Terminal Cc 30 pF 
tPHL Peeeeime pee Delay Time, tae 
Peeeeime pee to Low Level Output Figure 1 


tPLH Propagation Delay Time, 
Low to High Level Output Terninal 
teHL epee ee peer Delay Time, 


epee ee peer to Low Level Output 


V291S2SG/VI91S2S0/V09ISZSG 


tpzH Output Enable Time 
to High Level 


tpHz Output Disable Time 
From High Level 


TE, DC, 
or SC 


tpzL Output Enable Time (Note 2) 
to Low Level (Note 3) 


tpLz Output Disable Time 
From Low Level 


tp2H Output Enable Time 
to High Level 


tpHz Output Disable Time 
From High Level 





TE, DC, 
or SC Terminal 


tpzL Output Enable Time (Note 2) 
to Low Level (Note 3) 


tpLz Output Disable Time 
From Low Level 





tpzH Output Pull-Up Enable 
Time (DS75160A Only) | PE 


tpyz | Output Pull-UP Disable __ | ‘Note 2) 
Time (DS75160A Only) 





Note 1: Typical values are for Vcc = 5.0V and Ta = 25°C and are meant for reference only. 
Note 2: Refer to Functional Truth Tables for control input definition. 


Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the V, voltage source when the output 
connected to that input becomes active. 


Switching Load Configurations 


TEST ; TEST 
DEVICE DEVICE 


TL/F/5804-8 
Vc logic high = 3.0V 
Vc logic low = OV Vc logic high = 3.0V 
*C, includes jig and probe capacitance Vc logic low = OV 
FIGURE 1 TL/F/5804-9 


*C_ includes jig and probe capacitance 
FIGURE 2 
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DS75160A/DS75161A/DS75162A 


Connection Diagrams (Continueg) 


Dual-In-Line Package 


TERMINAL 


TL/F/5804-2 
Top View 


Dual-In-Line Package 
Vec 


(NOT USED) 


DS75162A 
TERMINAL 


TL/F/5804-3 
Top View 


Order Number DS75161AN, DS75162AN or DS75161AWM 
See NS Package Number M20B, N20A or N22A 
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Functional Description 
DS75160A 


This device is an 8-channel bi-directional transceiver with 
one common direction control input, denoted TE. When 
used to implement the IEEE-488 bus, this device is connect- 
ed to the eight data bus lines, designated DIO;-DlOg. The 
port connections to the bus lines have internal terminators, 
in accordance with the IEEE-488 Standard, that are deacti- 
vated when the device is powered down. This feature guar- 
antees no bus loading when Vcc = OV. The bus port out- 
puts also have a control mode that either enables or dis- 
ables the active upper stage of the totem-pole configura- 
tion. When this control input, denoted PE, is in the high 
state, the bus outputs operate in the high-speed totem-pole 
mode. When PE is in the low state, the bus outputs operate 
as open collector outputs which are necessary for parallel 
polling. 

DS75161A 


This device is also an 8-channel bi-directional transceiver 
which is specifically configured to implement the eight man- 
agement signal lines of the IEEE-488 bus. This device, 
paired with the DS75160A, forms the complete 16-line inter- 
face between the IEEE-488 bus and a single controller in- 
strumentation system. In compliance with the system orga- 
nization of the management signal lines, the SRQ, NDAC, 
and NRFD bus port outputs are open collector. In contrast 
to the DS75160A, these open collector outputs are a fixed 
configuration. The direction control is divided into three 
groups. The DAV, NDAC, and NRFD transceiver directions 
are controlled by the TE input. The ATN, SRQ, REN, and 
IFC transceiver directions are controlled by the DC input. 
The EO! transceiver direction is a function of both the TE 
and DC inputs, as well as the logic level present on the ATN 
channel. The port connections to the bus lines have internal 
terminators identical to the DS75160A. 


DS75162A 


This device is identical to the DS75161A, except that an 
additional direction control input is provided, denoted SC. 
The SC input controls the direction of the REN and IFC 
transceivers that are normally controlled by the DC input on 
the DS75161A. This additional control function is instrumen- 
tal in implementing multiple controller systems. 

Table of Signal Line Abbreviations 


Signal Line 
Classi- 
DC Direction Control DS75161A/ 
DS75162A 


fication 
| PE | Pull-Up Enable DS75160A 


Talk Enable All 
System Controller | DS75162A 


Data Bi-B8 | Bus Side of Device 
1/0 Ports D1-D8 | Terminal Side DS75160A 
of Device 


| EO! [Endoridentity | 
Management DS75161A/ 


Signals NDAC | Not Data Accepted } DS75162A 


NRFD | Not Ready for Data 
| REN | Remote Enable 
| SRQ_| Service Request_| 
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Logic Diagrams 


DS75160A 


TERMINAL 





Note 1: +> Denotes driver 
Note 2: << Denotes receiver 


Note 3: Driver and recelver outputs are totem-pole configurations 

Note 4: The driver outputs of DS75160A can have their active pull-ups 
disabled by switching the PE input (pin 11) to the logic tow state. This 
mode configures the outputs as open collector. 


TL/F/5804-4 





V291SZSG/V191S2S0/V091S2Sd 


DS75160A/DS75161A/DS75162A 


Logic Diagrams (continued) 
DS75161A DS75162A 


NDAC 


io 
NRFD 


nea) 


TERMINAL 
TERMINAL = 


mise 


b— 
$7 


ae 
pal 
rin 


TL/F/5804-5 > O 


TL/F/5804-6 


Note 1: -{>- Denotes driver 
Note 2: ~<+ Denotes receiver 


Note 3: Symbol “OC” specifies open collector output 
Note 4: Driver and receiver outputs that are not specified “OC” are totem-pole 
configurations 
TL/F/5804—7 
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Switching Waveforms 


Transmit Propagation Delays 


3.0V 
TERMINAL* 
(INPUT) 
ov 


BUS 
(OUTPUT) 


TL/F/5804-10 


Receive Propagation Delays 


3.0V 
Bus* 
(INPUT) 


V291LSZSG/V191S2SG/V091SZ2SG 


TERMINAL 
(OUTPUT) 


TL/F/5804-11 


3V 
CONTROL™ 
INPUT 
av 


TERMINAL 
OUTPUT 


TERMINAL 
OUTPUT 


TL/F/5804-12 


Bus Enable/Disable Times 


CONTROL* 
INPUT 
ov 


BUS 
QUTPUT 





BUS 
OUTPUT 


TL/F/5804-13 
*Input signal: f = 1.0 MHz, 50% duty cycle, t, = t+ < 5ns 


Performance Characteristics 


Bus Port Load Characteristics 


Rey 


CaK LL 


az 
BRERIZZZZ 


= (EEE 488-1978 at 


ILoAD — BUS CURRENT (mA) 
iS, 


N\ 


Z 


V) — BUS VOLTAGE (V) 
TL/F/5804-14 


Refer to Electrical Characteristics table 
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DS75160A/DS75161A/DS75162A 


Functional Truth Tables 
DS75160A 


Control input Data Transceivers 
Level. 
TE 


| Te | PE | Bus Port Configuration 
H 
L 
xX 


Totem-Pole Output 
Open Collector Output 
Input 


DS75161A 


Control Input Level Transceiver Signal Direction 
ATN’ 


ao ae 
> 
< 


-imx«K x rar a\g| 


Die: 
i 


H 
H 
L 
L 
H 
L 
X 
X 


Control Input Level 


DS75162A 


= 
ry 
3 
a 
3) 
o 


iver Signal Direction 


o 


pazn44i44|g| 





| Te | oc | A 
H H 
H L 
L H 
L L 
H H 
H L 
L H 
L L 
H X H 
L X H 
X H L 
X L L 


| sc T™ 
H R 
H T 
H R 
H T 
L R 
L T 
L R 
L T 
X 
Xx 
x 
X 


40D 


ae 


igh level input 
Low level input 
X = Don't care 


H = 
L= 


T = Transmit, i.e., signal outputted to bus 
R = Receive, i.e., signal outputted to terminal 
*The ATN signal level is sensed for internal multiplex control of EO! transmission direction logic. 
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National 


Semiconductor 


DS7640/DS8640 Quad NOR Unified Bus Receiver 


General Description 


The DS7640 and DS8640 are quad 2-input receivers de- 
signed for use in bus organized data transmission systems 
interconnected by terminated 1209 impedance lines. The 
external termination is intended to be 1809 resistor from 
the bus to the +5V logic supply together with a 3902 resis- 
tor from the bus to ground. The design employs a built-in 
input threshold providing substantial noise immunity. Low 
input current allows up to 27 driver/receiver pairs to utilize a 
common bus. 


Connection Diagram 


Features 

m Low input current with normal Vcc or Vcc = 
(30 pA typ) 

@ High noise immunity (1.1V typ) 

m= Temperature-insensitive input thresholds track bus logic 
levels 

m= TTL compatible output 

& Matched, optimized noise immunity for “1” and ‘‘O” 
levels 

@ High speed (19 ns typ) 


OV 


Dual-In-Line Package 


OUT 3 OuT4 IN 4A 


OUT2 ouT! 


IN 1A 


IN 4B IN 3A 


IN 18 IN 2A iN 2B 


TL/F/5805-1 


Top View 


Order Number DS7640J, DS8640J or DS8640N 
See NS Package Number J14A or N14A 


Typical Application 


1200 Unified Data Bus 


TL/F/5805-2 
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0v98sSd/0r9ezsd 


DS7640/DS8640 





Absolute Maximum Ratings (note 1) Operating Conditions 


if Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 
Office/Distributors for availability and specifications. DS7640 4.5 


Supply Voltage 7.0V DS8640 4.75 
Input Voltage 5.5V Temperature (Ta) 
Storage Temperature Range —65°C to + 150°C DS7640 —55 


Maximum Power Dissipation* at 25°C DS8640 0 
Cavity Package 1308 mW 
Molded Package 1207 mW 


Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 8.7 mW/°C above 25°C; derate molded package 
9.7 mW/°C above 25°C. 


Electrical Characteristics 
The following apply for Viqin < Voc < Vax: TMIN S TA S Tmax; unless otherwise specified (Notes 2 and 3) 


| Parameter | oncitions, =| sin | Typ | Max | 
High Level Input Threshold Vout = VoL !ps7eo =——(ssti‘i; BO | tO] 
poseco | 70 | 150] | 
Vour = Vou josreeo | S| 4.50 | 1.20 | 
| osscco || 1.50 | 1.90 | 
Maximum Input Current Vin = 4V Vcc=Vmax sf sds 30 | 80. 
Meee Oe. 2.1). | aon so 
Vin = 0.4V, Voc = VMAX |_| to | 50 
loH = = 400 BA, Vin = Vit 
lo. = 16MA, Vin = Vin 
Vin = 0.5V, Vos = OV, Voc = Vmax, (Note 4) 
| Power Supply Current | Viv=4V,(PerPackage) | 28 40 


Switching Characteristics 1, = 25°C, nominal power supplies unless otherwise noted 


Parameter | Conditions, | Min. | Typ | Max 
Propagation Delays (Notes 5 and 6) Input to Logic “1” Output | 10 | 23 | 95 | 
InputtoLogic“o" Output _| 10 | 15 | 30 _| 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. : 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS7640 and across the 0°C to + 70°C range for 
the DS8640. All typical values are Ta = 25°C and Voc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Fan-out of 10 load, C_oap = 15 pF total, measured from Vij = 1.5V to Vout = 1.5V, Vin = OV to 3V pulse. 


Note 6: Apply to Voc = 5V, Ta = 25°C. 
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GA National 


Semiconductor 


DS7641/DS8641 Quad Unified Bus Transceiver 


General Description 


The DS7641 and DS8641 are quad high speed drivers/re- 
ceivers designed for use in bus organized data transmission 
systems interconnected by terminated 120 impedance 
lines. The external termination is intended to be a 1800 
resistor from the bus to the +5V logic supply together with 
a 390N resistor from the bus to ground. The bus can be 
terminated at one or both ends. Low bus pin current allows 
up to 27 driver/receiver pairs to utilize a common bus. The 
bus loading is unchanged when Vcc = OV. The receivers 
incorporate tight thresholds for better bus noise immunity. 
One two-input NOR gate is included to disable all drivers in 
a package simultaneously. 


Connection Diagram 


Features 

m 4 separate driver/receiver pairs per package 

m Guaranteed minimum bus noise immunity of 0.6V, 1.1V 
typ 

@ Temperature insensitive receiver thresholds track bus 
logic levels 

@ 30 pA typical bus terminal current with normal Voc or 
with Vcc = OV 

gm Open collector driver output allows wire-OR connection 

@ High speed 

& Series 74 TTL compatible driver and disable inputs and 
receiver outputs 


Dual-In-Line Package 


iN 1 OUT! 


BUS 4 


BUS 2 IN2 


OUT2 DISABLEA 


QUT4 DISABLEB GND 
TL/F/5806-1 


Top View 


Order Number DS7641J, DS8641J or DS8641N 
See NS Package Number J16A or N1i6A 


Typical Application 


+5V 


12029 Unified Data Bus 


TL/F/5806-2 
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Ly98SG/lP9ZSd 


DS7641/DS8641 


Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min Max 
please contact the National Semiconductor Sales Supply Voltage, (Vcc) 


Office/Distributors for availability and specifications. DS7641 4.5 5.5 V 
Supply Voltage 7V DS8641 4.75 5.25 V 


Temperature Range, (Ta) 
Input and Output Voltage 5.5V DS7641 —55 +125 °C 


Storage Temperature Range —65°C to + 150°C pss641 0 +70 °C 


Maximum Power Dissipation* at 25°C *“Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
Cavity Package 1433 mW 10.9 mW/°C above 25°C. 
Molded Package 1362 mW 


Lead Temperature (Soldering, 4 seconds) 260°C 


Electrical Characteristics 
The following apply for Vin < Voc < Vmax, TMin < Ta S Tmax unless otherwise specified (Notes 2 and 3) 


Symbol | __—Parameter_— | Gonctions, =| min | Typ | Max | Units 
DRIVER AND DISABLE INPUTS 


Input Diode Clamp Voltage Ipis = —12 MA, lin = —12 mA, laug = —12 mA, 
Ta = 25°C 


DRIVER OUTPUT/RECEIVER INPUT 


Low Level Bus Voltage | Vpis = 0.8V, Vin = 2V, lpus = 50 mA pe ee 
Maximum Bus Current Vin = 0.8V, Vaus = 4V, Voc = Vax | | 30 | 100 | 


[Maximum BusCurent | Vin=0.8V,Vaus=4V,Vec=ov || | 100 | 
High Level Receiver Threshold | Vinp = 0.8V, VoL = 16 mA los7e41 sf aso f1so} | 
posses [170 [1.80] 
Low Level Receiver Threshold | Vinp = 0.8V, VoH = —400 pA lps7ea1 ssf sf 4.50 | 1.20 | 
possess || 1.50 | 1.30 | 


RECEIVER OUTPUT | 


Logical ‘1’ Output Voltage Vin = 0.8V, Veus = 0.5V, lon = —400 pA fea] | | 
Logical ‘‘0” Output Voltage Vin = 0.8V, Vaus = 4V, lo. = 16mA | fo.25| 0.4 | 


Output Short Circuit Current Vpis = 0.8V, Vin = 0.8V, Vaus = 0.5V, Vos = OV, 
—18 
Voc = Vmax, (Note 4). 


Supply Current Vois = OV, Vin = 2V, (per Package) = 80 | 70 
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Switching Characteristics T, = 25°C, Voc = 5V, unless otherwise indicated 


| Parameter | Conditions| Min | typ | Max _| 


Propagation Delays (Note 7) (Note 5) 
Disable to Bus ‘1” 19 30 
Disable to Bus ‘‘0”’ 15 30 
Driver Input to Bus ‘‘1”” 17 25 
Driver Input to Bus ‘'0” 17 25 


Bus to Logical ‘1 Receiver Output (Note 6) 20 
Bus to Logical 0” Receiver Output 18 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 


should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Untess otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS7641 and across the 0°C to + 70°C range for 
the DS8641. All typical values are for Ta = 25°C and Voco = SV. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: Only one output at a time should be shorted. 
Note 5: 912 from bus pin to Voc and 200N from bus pin to ground. CLoap = 15 pF total. Measured from Vin = 1.5V to Vaus = 1.5V, Vin = OV to 3V pulse. 
Note 6: Fan-out of 10 load, CLoap = 15 pF total. Measured from Vin = 1.5V to Vout = 1.5V, Vin = OV to 3V pulse. 


Note 7: The following apply for Voc = 5V, Ta = 25°C unless otherwise specified. 
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1 ’98SG/1~92SG 


ZA National 


Semiconductor 


DS7833/DS8833/DS7835/DS8835 
Quad TRI-STATE® Bus Transceivers 


DS7833/DS7835/DS8833/DS8835 


General Description 


This family of TRI-STATE bus transceivers offers extreme 
versatility in bus organized data transmission systems. The 


data bus may be unterminated, or terminated DC or AC, at 


one or both ends. Drivers in the third (high impedance) state 
load the data bus with a negligible leakage current. The 
receiver input current is low allowing at least 100 driver/re- 
ceiver pairs to utilize a single bus. The bus loading is un- 
changed when Vcc = OV. The receiver incorporates hyster- 
esis to provide greater noise immunity. All devices utilize a 
high current TRI-STATE output driver. The DS7833/ 
DS8833 and DS7835/DS8835 employ TRI-STATE outputs 
on the receiver also. 

The DS7833/DS8833 are non-inverting quad transceivers 
with a common inverter driver disable control and common 
inverter receiver disable control. 

The DS7835/DS8835 are inverting quad transceivers with a 
common inverter driver disable control and a common in- 
verter receiver disable control. 


Connection Diagram 


Dual-In-Line Package 


DRIVER 


QUTp BUS, INc OUTc DISABLE 


Na QUT, BUS, INg 


OUT, RECEIVER GND 
DISABLE 


TL/F/5808~1 
Top View 


Order Number DS7833J, DS8833J 
or DS8833N 
See NS Package Number J16A or N1iGA 


Features 
w Receiver hysteresis 
m Receiver noise immunity 
m Bus terminal current for 
normal Vcc or Voc = OV 
Receivers 
Sink 
Source 


400 mV typ 
1.4V typ 
80 pA max 


16 mA at 0.4V max 
2.0 mA (Mil) at 2.4V min 
5.2 mA (Com) at 2.4V min 
Drivers 
Sink 50 mA at 0.5V max 
32 mA at 0.4V max 
10.4 mA (Com) at 2.4V min 
5.2 mA (Mil) at 2.4V min 
Drivers have TRI-STATE outputs 
DS7833/DS8833, DS7835/DS8835 receivers have 
TRI-STATE outputs 
Capable of driving 100M DC—terminated buses 


Compatible with Series 54/74 


Source 


Dual-In-Line Package 


DRIVER 


QUTp = BUS, INc OUTc DISABLE 


OUT, BUS, Ng OUT, RECEIVER GND 


DISABLE 
TL/F/5808-2 
Top View 


Order Number DS7835J, DS8835J 
or DS8835N 
See NS Package Number J16A or N16A 
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Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the Natlonal Semiconductor Sales Supply Voltage, Voc 


Office/Distributors for avallabllity and specifications. DS7833/DS7835 4.5 
Sicaly Voltage FO DS8833/DS8835 4.75 


Temperature (Ta) 
Input Voltage oe DS7833/DS7835 ~55 
Output Voltage 5.5V DS8833/DS8835 0 
Storage Temperature —65°C to + 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1509 mW 
Molded Package 1476 mW 


Lead Temperature (Soldering, 4 sec.) 260°C 


*Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C. 


Electrical Characteristics (notes 2 and 3) 


symbot] Parameter | Conditions, | Min | Typ | Max | units 


DISABLE/DRIVER INPUT 


High Level Input Voltages Pe ee ee 


Low Level Input Current Voc = Max, Vin = 0.4V 
Input Clamp Diode Voc = 5.0V, lin = —12 mA, Ta = 25°C 


Driver Disable Input = 2.0V, Vin = 0.4V 
Input Current 
High Level Threshold Voltage ee 
os7ess, 0s7635| 06 | 135 | 1.6 | 
| [dseess, 0sees5| 0.8 | 1.35 | 1.5 | 


Bus Current, Output Disabled | Vays = 4.0V lVcc=Max = (ss—‘(<i~é‘;é~*r:S*é*r;si ss wo 
ae ooze 50 [ao | 
Voc = Max, Vaus = 0.4V | | -2.0[ -40 | 


Logic “1” Output Voltage | Voc = Min lour = ~5.2mA |DS7893,DS7835| 24|275| | 
lour = —10.4mA| Dseeaa, pseeas| 24] 275] | 


Logic ‘‘0” Output Voltage Voc = Min lout = 50 mA | | oe | 


lout = 32 mA 4 


0. 
[Output Short Circuit Current |Voo=Max,(Notea) «| ~40| ~ 62 | ~ 120 | 
RECEIVER OUTPUT 

PooeMousdiveimes. [Vacs lian Sedna [Osres pees oa ban | 
|lour = -5.2mA |pseeaa,psee95| 2.4 | 29 | 

[Logic"0" Output Voltage |Vco=Minlour=t6mA |S | 

Voc = Max,Disable|Vour=24v_ | S| 0 
Inputs=2.0V [Vour=oav sd S| a0 
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DS7833/DS7835/DS8833/DS8835 


Electrical Characteristics (Notes 2 and 3) (Continued) 


symbol] Parameter | Concitions | Min | Typ | Max | Unite 


RECEIVER OUTPUT (Continued) 


Output Short Circuit Current | Vcc = Max, (Note 4) DS7833, DS7835 | 28 | -40| -70 | 
| pseeaa, nsseas | a0} | —70] 
Supply Current Voc = Max DS7833, DS8833 


ae 
joszess,pseess| | 75 | 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS7833, DS7835 and across the 0°C to + 70°C 
range for the DS8833, DS8835. All typicals are given for Vcc = 5.0V and Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: Only one output at a time should be shorted. 


Switching Characteristics Vcc = 5.0v, T, = 25°C 


Symbol Parameter 
todo Propagation Delay to a Logic “0” (Figure 1) DS7833/DS8833 


from Input to Bus 


DS7835/DS8835 
tod1 Propagation Delay to a Logic “1” (Figure 1) DS7833/DS8833 


from Input to Bus 


todo Propagation Delay to a Logic “0” 
from Bus to Input 
tod1 Propagation Delay to a Logic “1” 


from Bus to Input DS7835/DS8835 


tpHz Delay from Disable Input to High 
Impedance State (from Logic “1” Level) | (Figures 7 and J 
tpLz Delay from Disable Input to High C. = 5.0 pF, 
Impedance State (from Logic “0” Level) | (Figures 1 and 2) 
tpzH Delay from Disable Input to Logic CL = 5.0 pF, 
“4” Level (from High Impedance State) | (Figures 7 and 2) 
tpzL Delay from Disable Input to Logic CL = 5.0 pF, 
“Q” Level (from High Impedance State) | (Figures 7 and 2) 
| 


wo pos fa = |p ataltofplalfofoaf]u fsa 
alaleo wolo oaIyMjo;AR lola lola ls 
o |w lo |w milo la |r ola lo 
ololala alalalo aialo 





AC Test Circuits 


Vec 


OUTPUT OUTPUT 


. 1.0k 


ea 


TL/F/5808-3 TL/ etie’ 
FIGURE 1. Driver Output Load FIGURE 2. Receiver Output Load 
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Switching Time Waveforms 


tpa1 & todo . tprz 
3.0V 3.0V 
INPUT 1.5V 1.5V 
é h INPUT 1.5V 
{ { | 
bis : tT av | 
—| treo — Pi theif — 

| ! | | | on hee — 

OUTPUT i 1.5V | ff rsv | | 

(INVERTED) | , H ; ™1.5V 
, ! | ere ae: “ae 
—| 


trao ACTUAL LOGICAL “0” 
VOLTAGE 


OUTPUT I 1.8V 1.6V 0.5V 
(NONINVEATED) TL/F/5808-6 


TL/F/5808-5 
f = 1 MHz 
tr = ty < 10 ns (10% to 90%) 
DUTY CYCLE = 50% 


tpHz tpzL 
3v ——____—— 3V 
mee Vii INPUT | 1.5V 
| eres ah 
ov ! al { 
7 | 0.6V | 
ACTUAL LOGICAL “1” | pa ig 
VOLTAGE 0.5V 
OUTPUT | Nf { -;- 
| | =1.5V ouTPUT hoes T ACTUAL LOGICAL “0” 
bee tra} | VOLTAGE 
TL/F/5808-7 ' TL/F/5808-8 
tpzH 
3V 
INPUT 1.5V 
I 
w-——_——+- 


ACTUAL LOGICAL “1” 


OUTPUT VOLTAGE 


= 1.5V 





TL/F/5808~9 
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DS7834/DS8834/DS7839/DS8839 


ZA National 


Semiconductor 


DS7834/DS8834/DS7839/DS8839 Quad TRI-STATE® 
Bus Transceivers 


General Description 


This family of TRI-STATE bus transceivers offers extreme 
versatility in bus organized data transmission systems. The 
data bus may be unterminated, or terminated DC or AC, at 
one or both ends. Drivers in the third (high impedance) state 
load the data bus with a negligible leakage current. The 
receiver input current is low, allowing at least 100 driver/re- 
ceiver pairs to utilize a single bus. The bus loading is un- 
changed when Vcc = OV. The receiver incorporates hyster- 
esis to provide greater noise immunity. Both devices utilize a 
high current TRI-STATE output driver. The DS7834/ 
DS8834 and DS7839/DS8839 employ TTL outputs on the 
receiver. 

The DS7839/DS8839 are non-inverting quad tranceivers 
with two common inverter driver disable controls. 


The DS7834/DS8834 are inverting quad transceivers with 
two common inverter driver disable controls. 


Connection Diagrams 


Dual-In-Line Package 


DRIVER 


INp OUTp BUS, iNc OUTc DISABLE 


DRIVER GND 
DISABLE 


TL/F/5809-1 


BUS, INqa OUT, BUS, INg OUT, 


Top View 


Order Number DS7834J, DS8834J or DS8834N 
See NS Package Number J16A or N16A 


Features 
m@ Receiver hysteresis 
@ Receiver noise immunity 
m@ Bus terminal current for 
normal Voc or Voc = OV 

m Receivers 

Sink 

Source 


400 mV typ 
1.4V typ 


80 A max 


16 mA at 0.4V max 
2.0 mA (Mil) at 2.4V min 
5.2 mA (Com) at 2.4V min 
@ Drivers 
Sink 50 mA at 0.5V max 
32 mA at 0.4V max 
10.4 mA (Com) at 2.4V min 
5.2 mA (Mil) at 2.4V min 
g@ Drivers have TRI-STATE outputs 
m Receivers have TRI-STATE outputs 
m@ Capable of driving 100 DC-terminated Buses 


w Compatible with Series 54/74 


Source 


Dual-In-Line Package 


DRIVER 


OUTp = BUS, OUTc DISABLE 


ORIVER GND 
DISABLE 


TL/F/5809-2 


OUT, BUS, INg OUT, 


Top View 


Order Number DS7839J, DS8839J or DS8839N 
See NS Package Number J16A or N16A 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage 7.0V 
Input Voltage 5.5V 
Output Voltage . 5.5V 
Maximum Power Dissipation* at 25°C 
Cavity Package 1509 mW 
Molded Package 1476 mW 


*Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C. 


Electrical Characteristics (notes 2 and 3) 


Symbol Conditions [Min | Typ | Max _| Units 


DISABLE/DRIVER INPUT 


Low Level Input Current Voc = Max, Vin = 0.4V 


Driver Disable Input = 2.0V, Vin = 0.4V 


Driver Diasbled Input 
Low Current 


Storage Temperature —65°C to + 150°C 
Lead Temperature (Soldering, 4 seconds) 260°C 


Operating Conditions 
Min Units 
Supply Voltage (Vcc) 
DS7834, DS7839 4.5 Vv 
DS8834, DS8839 4.75 


Temperature (Ta) 
DS7834, DS7839 —55 
DS8834, DS8839 


Input Clamp Diode Voc = 5.0V, lin = —12 mA, Ta = 25°C 


High Level Threshold Voltage | Voc = Max 


Low Level Threshold Voltage | Voc = Min 


Bus Current, Output 
Disabled or High 


| bs7ea4,0s7es9| 1.4 | 1.75 | 24 
dsses4,psesao | 1.5 | 1.75 | 20 
| bs7aa4,ps7es0 | 08 | 1.95 | 16 | 
| Dseas4, psassa | 08 | 195 | 15 


Voom | i 8 eo | 


Voc = Max, Vgus = 0.4V, Disable Input = 2.0V a aes 


Logic ‘1” Output Voltage 


lour = —5.2mA | DS7834,0s7e39 | 24 | 275 | | 


[lour = —10.4mA | ps7ea4,0ses99| 2.4 | 275 | 


Logic “0” Output Voltage Voc = Min lout = 50 mA 
lout = 32 mA 


Output Short Circuit Current Voc = Max, (Note 4) 


RECEIVER OUTPUT 
Logic ‘1”’ Output Voltage 


[ozs | 05 | 
| | oe 
| =40 | ~62 | ~ 120 | 


Voo= Min | lour= -20mA_| ps7as4,ps7eso| 24 | 30 |_| 


[lour= -5.2ma | psess4,dsessa| 24 | 29 | | 
Voo = Min, lout = 16 mA | | 022 | 04 | 


Output Short Circuit Current 


Supply Current Voc = Max 


Voc = Max, (Note 4) 


[osresa, 087600 | ~28 | -«0 | -70_ 
Fosseaa,oseece | —co| | —70 | 
Tvs [os | 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: Unless otherwise specified, min/max limits apply across the — 55°C to + 125°C temperature range for the DS7834, DS7839 and across the 0°C to + 70°C 
range for the DS8834, DS8839. All typicals are given for Vog = 5.0V and Ta = 25°C. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 


as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
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DS7834/DS8834/DS7839/DS8839 


Switching Characteristics Vcc = 5.0v, Ty = 25°C 


| Parameter =| = Conctions, 
Propagation Delay to a Logic “0” (Figure 1) DS7839/DS8839 az 
from Inputite Bae ps7es4/psees4 |_| 
Propagation Delay to a Logic.‘1” (Figure 1) DS7839/DS8839 my 
from Input to Bus ps7es4/psess4 |_| 
Propagation Delay to a Logic “0” (Figure 2) DS7839/DS8839 Ll 
from Bus to Output DS7834/DS8834 Pee 
Propagation Delay to a Logic ‘'1" (Figure 2) ps7e3e/psees9 |__| 
from Bus to Output DS7834/DS8834 aa 
Delay from Disable Input to High Cy = 5.0 pF, (Figures 7 and 2) Driver Only 
Impedance State (from Logic “1” Level) 

Delay from Disable Input to High C. = 5.0 pF, (Figures 7 and 2) Driver Only 

Impedance State (from Logic “0’’ Level) 


Delay from Disable Input to Logic CL = 50 pF, (Figures 7 and 2) Driver Only 
“4” Level (from High Impedance State) 


Delay from Disable Input to Logic CL = 50 pF, (Figures 7 and 2) Driver Only 
“0” Level (from High Impedance State) 


AC Test Circuit 


Vec Voc 
100 400 
OUTPUT , OUTPUT 
c 
L L 
50 pF aL um 50 pF a 


: TL/F/5809-3 TL/F/5809-4 
FIGURE 1. Driver Output Load FIGURE 2. Receiver Output Load 


Switching Time Waveforms 


toat and tpdo 


OUTPUT 


ACTUAL LOGICAL “0” 
VOLTAGE 


OUTPUT 
(NONINVERTED) 


TL/F/5809-5 
= 1 MHz 
tp = ty < 10 ns (10% to 90%) 
Duty Cycle = 50% 
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Switching Time Waveforms (Continued) 


ov 


ACTUAL LOGICAL “1” 
VOLTAGE 


OUTPUT 


TL/F/5809-7 


OUTPUT | ACTUAL LOGICAL “0” 
VOLTAGE 
TL/F/5809-8 


ACTUAL LOGICAL “1” 


| 
! 


OUTPUT { | y VOLTAGE 
0.5V 
= 1.5V 


ae | 


TL/F/5809-9 


Truth Table 


Driver | Receiver Input/ Receiver 
Input Bus Output Output 
(INx) (BUSx) (OUT x) 


DS7834/DS8834 


1 X BUS Receive Bus Signal 
0 1 : 1 Drive Bus - 
0 0 0) Drive Bus 


DS7839/DS8839 


1 X BUS Receive Bus Signal 
0 1 1 1 Drive Bus 
0 0 0) 0 Drive Bus 


= Don’t care 


Mode of 
Operation 


Disable 
Input 
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DS7836/DS8836 


G4 National 


Semiconductor 


DS7836/DS8836 Quad NOR Unified Bus Receiver 


General Description 


The DS7836/DS8836 are quad 2-input receivers designed 
for use in bus organized data transmission systems inter- 
connected by terminated 1202 impedance lines. The exter- 
nal termination is intended to be 1802 resistor from the bus 
to the +5V logic supply together with a 3902 resistor from 
the bus to ground. The design employs a built-in input hys- 
teresis providing substantial noise immunity. Low input cur- 
rent allows up to 27 driver/receiver pairs to utilize a com- 
mon bus. Performance is optimized for systems with bus 
rise and fall times < 1.0 ys/V. 


Typical Application 


Features 

m Low input current with normal Vcc or Voc = OV 
(15 pA typ) 

® Built-in input hysteresis (1V typ) 

® High noise immunity (2V typ) 

m Temperature-insensitive input thresholds track bus logic 
levels 

m TTL compatible output 

@ Matched, optimized noise immunity for “1” and “0” 
levels 

@ High speed (18 ns typ) 


1202 Unified Data Bus 


+5V 


Connection Diagram 


OUT 3 IN 4A 


OUT? 


IN 4A 


TL/F/5810—1 


Dual-In-Line Package 
IN 4B 


IN 3A IN 3B 


IN 1B IN 2A IN 28 


TL/F/5810-2 


Top View 


Order Number DS7836J, DS8836J or DS8836N 
See NS Package Number J14A or N14A 
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Absolute Maximum Ratings Operating Conditions 


If Milltary/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 
Office/Distributors for availability and specifications. DS7836 45 
Supply Voltage 7.0V DS8836 4.75 
Current Voltage 5.5V Temperature (Ta) 
Storage Temperature Range —65°C to + 150°C DS7836 —55 
Maximum Power Dissipation* at 25°C DS8836 0 
Cavity Package 1308 mW 
Molded Package 1207 mW 
Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 8.7 mW/°C above 25°C; derate molded package 9.7 
mW/°C above 25°C. 


9£€88SG/9E8ZSG 


Electrical Characteristics 
The following apply for Vain < Voc < Vuéax, TMIN S TA S Tmax, Unless otherwise specified (Notes 2 and 3) 


Parameter 


High Level Input Threshold | Voc = Max eae 


or 


eee = REECE 
eV i 
lVoc=0V—— ttst~<‘C;SC‘*@d' 


[Logical “1” Output Voltage _ “1" Output Voltage | Vin = 0.5V, lout = —400 pA 


Vin = 4V dour =16mA 

Vin = 0.5V, Vout = OV, Voc = Max, (Note 4) 
Vin = 4V, (Per Package) 

ln = —12mA, Ta = 26° 


Switching Characteristics Vcc = 5v, Ts = 25°C unless otherwise specified 


| Parameter | Conditions, =| Min_ | Typ | Max_| 
Propagation Delays (Notes 4 and 5) Input to Logical “'1”’ Output | | 2 [| 30 | 


Input to Logical “0” Ouptut | | ae [30 | 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS7836 and across the 0°C to + 70°C range for 
the DS8836, All typical values are for Ta = 25°C and Voc = SV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Fan-out of 10 load, CLoap = 15 pF total, measured from Vij = 1.3V to Vout = 1.5V, Vin = OV to 3V pulse. 

Note 5: Fan-out of 10 load, CLoap = 15 pF total, measured from Vin = 2.3V to Vout = 1.5V, Vin = OV to 3V pulse. 





2-115 


DS7837/DS8837 


ZA National 


Semiconductor 


DS7837/DS8837 Hex Unified Bus Receiver 


General Description 


The DS7837/DS8837 are high speed receivers designed for 
use in bus organized data transmission systems intercon- 
nected by terminated 1209 impedance lines. The external 
termination is intended to be 180N resistor from the bus to 
the +5V logic supply together with a 3900 resistor from the 
bus to ground. The receiver design employs a built-in input 
hysteresis providing substantial noise immunity. Low input 
current allows up to 27 driver/receiver pairs to utilize a com- 
mon bus. Disable inputs provide time discrimination. Disable 
inputs and receiver outputs are TTL compatible. Perform- 
ance is optimized for systems with bus rise and fall times 
$1.0 ps/V. 


Typical Application 


+5V 


Features 

m Low receiver input current for normal Vcc or Vcc = OV 
(15 yA typ) 

mw Six separate receivers per package 

@ Built-in receiver input hysteresis (1V typ) 

w High receiver noise immunity (2V typ) 

m Temperature insensitive receiver input thresholds track 
bus logic levels 

@ TTL compatible disable and output 

m Molded or cavity dual-in-line or flat package 

@ High speed 


TL/F/5811-1 


Dual-In-Line Package 


OuTt IN2 


IN 4 OuT4a IN 5 OUTS 


OuT2 IN3 


OUT3 DISABLEA 


IN 6 QOUTG OISABLEB GND 


TL/F/5811-2 


Top View 


Order Number DS7837J, DS8837J, 
DS8837M or DS8837N 
See NS Package Number J16A, M16A or N16A 
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Absolute Maximum Ratings (note 1) Operating Conditions 
If Milltary/Aerospace specified devices are requlred, Min 
please contact the Natlonal Semiconductor Sales Supply Voltage, (Vcc) 
Office/Distributors for availability and specifications. DS7837 
Supply Voltage 7V DSbea7 15 
Input Voltage 5.5V Temperature (Ta) 


; DS7837 —-55 
Operating Temperature Range DS8837 0 


DS7837 —55°C to + 125°C 

DS8837 0°C to + 70°C 
Storage Temperature Range —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mw 

Molded DIP Package 1362 mW 
SO Package 1002 mW 
Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP package 
10.9 mW/°C above 25°C; derate SO package 8.01 mW/°C above 25°C. 


Z€88SG/ZE8ZSG 


Electrical Characteristics 
The following apply for Vain < Voc < VMax; TMIn < Ta S TMAxX, unless otherwise specified (Notes 2 and 3) 


Symbol Conditions | min | typ | Max | units 
VTH High Level Receiver Threshold Voc = Max DS7837 | 465 | 225 | 265 | 
psees7_—— | 1.00 | 2.25 | 250 | 


VTL Low Level Receiver Threshold Voc = Min DS7837 | o97 | 1.30 | 163 | 
psees7_— | 1.05 | 1.30 | 1.55 _ 


Maximum Receiver Input Current Vin = 4V | Vco=Vwax | «| 15.0 | 50.0 | 
[Voc=ov_ {| | _ 10 | s00 | 
| Logical “o” Receiver input Current | Viy=0.4V,Voc= Vmax || 1.0 | 80.0 
Logical “1” Input Voltage | id sable =| 20 [| 
Logical ‘‘O” Input Voltage P| isabie | 


Logical ‘1” Input Current Disable Input VIND = 2.4V 
VIND = 5.5V 


Logical “0” Input Current Vin = 4V, Vino = 0.4V, Disable Input 


Ber et 
ee ee 
Sts 
re 
Logical “1” Output Voltage Vin = 0.5V, Vinp = 0.8V, pew | 
lo = ~400 pA 
ao] 
| | as. | 
me 





80.0 
0.4 


Logical 0” Output Voltage Vin = 4V, VIND = 0.8V, lon = 16mA 
Output Short Circuit Current Vin = 0.5V, Vinp = OV, Vos = OV, 
Voc = Vmax; (Note 4) 

Power Supply Current Vin = 4V, Vino = OV, (Per Package) 


Input Clamp Diode Vin = —12 mA, Vinp = —12 mA, 


Ta = 25°C - 
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DS7837/DS8837 


Propagation Delays | Vinp = OV, Input to Logical ‘1’ Output, (Note 5) | | 20 | (30 | 
Receiver Input to Logical “0” Output, (Note 6) ee Eee 
15 


Input = OV, _ Input to Logical 1” Output 
Disable, (Note 7) 


Input to Logical 0” Output 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS7837 and across the 0°C to + 70°C range for 
the DS8837. All typical values are for Ta = 25°C and Voc = SV. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: Only one output at a time should be shorted. 

Note 5: Fan-out of 10 load, CLoap = 15 pF total. Measured from Vin = 1.3V to Vout = 1.5V, Vin = OV to 3V pulse. 
Note 6: Fan-out of 10 load, CLoap = 15 pF total. Measured from Vin = 2.3V to Vout = 1.5V, Vin = OV to 3V pulse. 
Note 7: Fan-out of 10 load, CLgap = 15 pF total. Measured from Vin = 1.5V to Vout = 1.5V, Vin = OV to 3V pulse. 
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Za National 


Semiconductor 


DS7838/DS8838 Quad Unified Bus Transceiver 


General Description 


The DS7838/DS8838 are quad high speed drivers/receiv- 
ers designed for use in bus organized data transmission 
systems interconnected by terminated 1209 impedance 
lines. The external termination is intended to be 1802 resis- 
tor from the bus to the +5V logic supply together with a 
39002, resistor from the bus to ground. The bus can be termi- 
nated at one or both ends. Low bus pin current allows up to 
27 driver/receiver pairs to utilize a common bus. The bus 
loading is unchanged when Vcc = OV. The receivers incor- 
porate hysteresis to greatly enhance bus noise immunity. 
One two-input NOR gate is included to disable all drivers in 
a package simultaneously. Receiver performance is opti- 
mized for systems with bus rise and fall times < 1.0 »s/V. 


Typical Application 


+5V 


Features 

m 4 totally separate driver/receiver pairs per package 

g 1V typical receiver input hysteresis 

m Receiver hysteresis independent of receiver output load 

& Guaranteed minimum bus noise immunity of 1.3V, 2V 
typ. 

m Temperature-insensitive receiver thresholds track bus 
logic levels 

m@ 20 BA typical bus terminal current with normal Vcc or 
with Voc = OV 

@ Open collector driver output allows wire-OR connection 

m High speed 

gm Series 74 TTL compatible driver and disable inputs and 
receiver outputs 


TL/F/5812-1 


Dual-in-Line Package 


IN1 out! 


IN3 OUT3 BUS4 


BUS 2 IN 2 


IN4 OUT4 DISABLEB GND 


OUT2 DISABLE A 


TL/F/5812-2 


Top View 


Order Number DS7838J, DS8838J, DS8838M or DS8838N 
See NS Package Number J16A, M16A or N16A 
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DS7838/DS8838 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C 

please contact the National Semiconductor Sales Cavity Package . 1433 mW 
Office/Distributors for availability and specifications. Molded DIP Package 1362 mW 
Supply Voltage 7V SO Package 1002 mW 


Input and Output Voltage 5.5V Operating Temperature Range 
DS7838 —55°C to + 126°C 


Storage Temperature Range —65°C to + 150°C DS8838 0°’C to +70°C 


Lead Temperature, (Soldering, 4 sec.) 260°C 


*Derate cavity package 9.6 mW/°C above 25°C; derate molded DIP package 
10.9 mW/°C above 25°C; derate SO package 8.01 mW/°C above 25°C. 


Electrical Characteristics 
DS7838/DS8838: The following apply for Vin < Vcc < VMAX TMIN S TA S Tmax, Unless otherwise specified (Notes 2 and 3) 


symbol| Parameter, =| Conditions, =| in| Typ | Max | Unite 
DRIVER AND DISABLE INPUTS 

Logical ‘'1” Input Voltage 

Logical “0” Input Voltage 


Ipig = —12 MA, lin = —12 MA, Ipus = —12 mA, 
Ta = 25°C 


DRIVER OUTPUT/RECEIVER INPUT 


Low Level Bus Voltage Vpois = 0.8V, Vin = 2V, Ipus = 50 mA 
ea Bus Current Ron = 0.8V, Vaus = 4V, Voc = Vax 


| Maximum Bus Current | Bus Current Vin=0.8V,Vaus=4V,Voc=0V i itsti‘its*@d' 0.8V, Vaus = 4V, Voc = OV 


ee fenhislee 
veo Mas ss aa 
on 


RECE!VER OUTPUT 


Logical 1” Output Voltage —_—| Vin = 0.8V, Vaus = 0.5V, Io = —400 pA 
Logical “‘0” Output Voltage Vin = 0.8V, Vaus = 4V, lo, = 16 mA 


Output Short Circuit Current Vpois = 0.8V, Vin = 0.8V, Vaus = 0.5V, 
Vos = OV, Voc = Vmax, (Note 4) 
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Electrical Characteristics 
DS7838/DS8838: The following apply for Viqin < Voc < VéMax: TMIN < TA < Téax, unless otherwise specified (Notes 2 and 3) 
(Continued) 


Symbol Conditions [Min | Typ | Max | Units 
RECEIVER OUTPUT (Continued) 
ee 


Disable to Bus “1” (Note 5) 

Disable to Bus “0” fotos) 

Driver Input to Bus ‘1” (Note 5) nse 

Driver Input to Bus “0” fotos) | | 

Bus to Logical ‘‘1” Receiver Output (Notes) = ssti(‘; SS”*”*”*”*”*”«*dS id 8 | 80 | 
| BustoLogical “O" Receiver Output | (Note7) 88 | 80 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the ~55°C to + 125°C temperature range for the DS7838 and across the 0°C to + 70°C range for 
the DS8838, All typical values are for Ta = 25°C and Vcc = SV. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


8€88Sd/8E8ZSd 


Note 4; Only one output at a time should be shorted. 

Note 5: 912 from bus pin to Vcc and 200N from bus pin to ground, CLoap = 15 pF total. Measured from Vij = 1.5V to Vagus = 1.5V, Vin = OV to 3.0V pulse. 
Note 6: Fan-out of 10 load, CLoap = 15 pF total. Measured from Vij = 1.3V to Vout = 1.5V, Vin = OV to 3.0V pulse. 

Note 7: Fan-out of 10 load, CLloap = 15 pF total. Measured from Vij = 2.3V to Vout = 1.5V, Vin = OV to 3.0V pulse. 

Note 8: These apply for Vcc = 5V, Ta = 25°C unless otherwise speicified. 
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Section 3 
Peripheral Power Drivers 





Section 3 Contents 


Peripheral Power Drivers—Introduction 

Peripheral Power Drivers—Selection Guide 

DP7310/DP8310/DP7311/DP8311 Octal Latched Peripheral Drivers 

DS1631/DS3631/DS1632/DS3632/DS1633/DS3633/DS1634/DS3634 CMOS Dual 
Peripheral Drivers 

DS3654 Printer Solenoid Driver 

DS3656 Quad Peripheral Driver 

DS3658 Quad High Current Peripheral Driver 

DS3668 Quad Fault Protected Peripheral Driver 

DS3669 Quad High Current Peripheral Driver 

DS3680 Quad Negative Voltage Relay Driver 

DS3686 Dual Positive Voltage Relay Driver 

DS1687/DS3687 Negative Voltage Relay Drivers 

DS55451/2/3/4, DS75450/1/2/3/4 Series Dual Peripheral Drivers 

DS55461/2/3/4, DS75461/2/3/4 Series Dual Peripheral Drivers 

DS2001/DS9665/DS2002/DS9666/DS2003/DS9667/DS2004/DS9668 High 
Current/Voltage Darlington Drivers 

AN-213 Safe Operating Areas for Peripheral Drivers 





Semiconductor 


ZA National 


Peripheral/Power Drivers 


Peripheral/power drivers is a broad definition given to inter- 
face power devices. The devices generally have open-col- 
lector output transistors that can switch hundreds of milli- 
amps at high voltage and are driven by standard logic gates. 
They serve many applications including relay drivers, printer 
hammer drivers, lamp drivers, bus drivers, core memory 
drivers, voltage level translators, stepper motor drivers and 
solenoid drivers. 


Unlike standard logic devices, peripheral drivers have many 
varied load situations depending on the application. This re- 
quires the design engineer to interpret device specifications 
in greater detail. Designers at National Semiconductor have 
incorporated many technically advanced and useful fea- 
tures into their broad line of peripheral driver devices. 


Some of these features include: 

w Short circuit protection at individual outputs 

m Glitch-free power up/down 

m Fail-safe operation 

m Inductive fly-back protection 

m@ Negative transient protection 

@ High input impedance for CMOS/NMOS compatibility 
For further information on National Semiconductor’s broad 


line of peripheral drivers, refer to the selection guide to fol- 
low and application notes within this section. 
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Peripheral/Power Drivers 
PERIPHERAL/POWER DRIVERS 


Device Number and n 7 i 
Temperature Range Drivers/ | Logic Function Pea Output High Welds Output Low | Output Low sie ples Page 


Supply 
0°C to 170°C | —55°C to + 125°C Package (Driver On) (Logic) Voltage (V) (Note 3) (V) Voltage (V) | Current (mA) Typ (ns) Current (mA) No. 


DP8310 DP7310 8 (Note 5) TIL 3-5 
DP8311 DP7311 8 (Note 6) TIL 3-5 
DS2001C 7 3-65 
pAQ665C 3-65 
DS2002C DS2002M PMOS 3-65 
pAQ666C pAQ6E6M 3-65 
DS2003C DS2003M TTL/CMOS | 3-65 
pA9667C pA9687M 3-65 
DS2004C DS2004M CMOS/PMOS 3-65 
pA9668C »AQ668M 3-65 


DS3631 DS1631 3-12 
DS3632 DS1632 3-12 
DS3633 DS1633 3-12 
DS3634 DS1634 3-12 


DS3654 (Note 2) (Note 2) : 3-17 
DS3656 
DS3658 
DS3668 
DS3669 


NAND TTL/LS . 3-21 
NAND TTL/LS : 3-23 
DS3680 
DS3686 


NAND TTL/LS 5? 3-26 
DS3687 DS1687 


AND TTL/LS 70 . ; 3-29 
DS75450 


(Note 4) ; 3-32 

NAND (Note 1) 3-35 

NAND 3-38 
DS75451 DS55451 
DS75452 DS55452 
DS75453 DS55453 


TTL 30 F 3-41 
DS75454 DS55454 


TTL 30 : 3-41 
TTL 30 : 3-41 
TTL 30 : 3-41 

DS75461 DS55461 

DS75462 DS55462 

DS75463 DS55463 


TTL 30 . 3-41 
AND TTL 35 , 3-57 
DS75464 DS55464 
MM74C908, 


NAND 35 af. 3-57 
OR 35 . 3-57 
NOR 3-57 
MM74C918 


35 : 
AND CMOS 5 0.015 CMOS 
CMOS 


Note 1: The DS3686, DS3687 and DS3654 contain an internal inductive fly-back clamp circuit connected from the output to ground. As an example, DS3686 driving a relay solenoid connected to 28V would clamp the output voltage fly- 
back transient at 56V caused by the solenoid’s stored inductive current. This clamp protects the circuit output and quenches the fly-back. 


Note 2: The DS3654 is a 10-bit shift register followed by 10 enabled drivers. The input circuit is equivalent to a 4k resistor to ground, and the logic input thresholds are 2.8V and 0.8V. The recommended power supply voltage is 7.5V to 
9.5V. The circuit can be cascaded to be a 20 or 30-bit shift register. 


Note 3: Latch-up voltage is the maximum voltage the output can sustain when switching an inductive load. 
Note 4: DS3680 has a differential input circuit. 

Note 5: DS8310 inverting, positive edge latching. 

Note 6: DS8311 inverting, fall through latch. 

Note 7: DS3668 35V, latch-up with output fault protection. 








ZaNational 


Semiconductor 


DP7310/DP8310/DP7311/DP8311 Octal Latched 


Peripheral Drivers 


General Description 

The DP7310/8310, DP7311/8311 Octal Latched Peripheral 
Drivers provide the function of latching eight bits of data 
with open collector outputs, each driving up to 100 mA DC 
with an operating voltage range of 30V. Both devices are 
designed for low input currents, high input/output voltages, 
and feature a power up clear (outputs off) function. 


The DP7310/8310 are positive edge latching. Two active 


low write/enable inputs are available for convenient data 


bussing without external gating. 


The DP7311/8311 are positive edge latches. The active low 
strobe input latches data or allows fall through operation 
when held at logic “0”. The latches are cleared (outputs off) 
with a logic “0” on the clear pin. 


Features 
@ High current, high voltage open collector outputs 
@ Low current, high voltage inputs 


Connection Diagrams 


Dual-in-Line Package 


OP7310/ 
DP8310 


1 
2 
3 
4 
5 
6 
7 
8 
9 


_ 
eo 


TL/F/5246-1 
Top View 


m All outputs simultaneously sink rated current ‘‘DC” with 
no thermal derating at maximum rated temperature 

@ Parallel latching or buffering 

m Separate active low enables for easy data bussing 

g Internal ‘‘glitch free” power up clear 

m 10% Vcc tolerance 


Applications 

g@ High current high voltage drivers 
m@ Relay drivers 

m Lamp drivers 

m LED drivers 

g TRIAC drivers 

m Solenoid drivers 

m Stepper motor drivers 

mw Level translators 

@ Fiber-optic LED drivers 


Dual-In-Line Package 


OP7311/ 
DP8311 


oonri nw k® Ww RY = 


= 
o 


TL/F/5246-2 
Top View 


Order Number DP7310J, DP7311J, 
DP8310J, DP8311J, DP8310N 
or DP8311N 
See NS Package Number J20A or N20A 
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DP7310/DP7311/DP8310/DP8311 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage 7.0V 
Input Voltage 35V 
Output Voltage 35V 
Maximum Power Dissipation* at 25°C 
Cavity Package 
DP8310/DP8311 2005 mw 
Storage Temperature Range —65°C to + 150°C 
Lead Temperature (Soldering, 4 sec.) 260°C 


*Derate cavity package 12.1 mW/°C above 25°C; derate molded package 
16.0 mW/°C above 25°C. 


1821 mW 


Operating Conditions . 
Min - 
Supply Voltage (Vcc) 4.5 
Temperature 
DP7310/DP7311 | —55 
DP8310/DP8311 0 
Input Voltage 
Output Voltage 


DC Electrical Characteristics DP7310/DP8310, DP7311/DP8311 (Notes 2 and 3) 


Symbol a ee ee Units 


Vin Logical ‘1” Input Voltage 
VIL Logical ‘‘O” Input Voltage 
VoL Logical ‘‘0” Output Voltage 


DP7310/DP7311 
DP8310/DP8311 


Logical “1”” Output Current 


DP7310/DP7311 
DP8310/DP8311 


Logical 1” Input Current Vin = 2.7V, Voc = Max 


Input Current at Maximum inpat 
Voltage 


Icco Supply Current, Outputs On 


Data outputs latched to 
logical “1”, Voc = Min. 
Vou = 25V 
Vou = 30V 





Data outputs latched to 
logical ‘‘0”, Voc = Min. 
lo. = 75mA 
lo. = 100 mA 





{| on | os 


Logical ‘‘O” Input Current Vin = 0.4V, Voc = Max 
Velamp Input Clamp Voltage lin = 12mA Hh cn 


Data outputs latched toa 


| | =215_ | 300 
| -o8 | -15 | 


logical ‘‘O’’. All Inputs are 
at logical “1”, Voc = Max. 


‘DP7310 
DP8310 
DP7311 
DP8311 


Supply Current, Outputs Off 


Data outputs latched to a 


logic “1”. Other 
conditions same as Icco. 


DP7310 
DP8310 
DP7311 
DP8311 





AC Electrical Characteristics 0P7310/0P8310: Voc = 4.5V, Ta = —55°C to + 125°C 


| Parameter | Conditions 

High to Low Propagation Delay (Figure 1) 

. Write Enable Input to Output 
Low to High Propagation Delay (Figure 1) 
Write Enable Input to Output 

tseETUP Minimum Set-Up Time tHoLb = Ons 

Data in to Write Enable Input (Figure 1) 
‘Minimum Write Enable Pulse (Figure 1) 
Width 


High to Low Output Transition Time 
Low to High Output Transition Time : igure 1) 
“N” Package (Note 4) | 


AC Electrical Characteristics ae ee ae | = 5V, ee = 25°C 


Symbol | —sséParameter sd Units 


todo High to Low Propagation Delay cantons igure 2) ae 
Data In to Output 


tpat Low to High Propagation Delay (Figure 2) 


Data to Output ya 


tseTuP Minimum Set-Up Time tHoLp = Ons 
Data in to Strobe Input (Figure 2) 


towL Minimum Strobe Enable Pulse Width (Figure 2) 


Te [= | 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C.temperature range for the DP7310/DP7311 and across the 0°C to + 70°C 
for the DP8310/DP8311. All typical values are for Ta =25°C, Voc = SV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 


Note 4: Input capacitance is guaranteed by periodic testing. frest = 10 kHz at 300 mV, Ta = 25°C. 
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DP7310/DP7311/DP8310/DP8311 


Logic Table 


DP7310/DP8310 


Write Write 
Enable 1 Enable 2 
WE, WE 


Block Diagrams 


DATA IN 1 
(D1) 


DATA IN 2 © 


(012) 


DATAINB CO 


(Dig) 


WRITE ENABLE 1 
(WE1) 


WRITE ENABLE 2 
(WE2) 


DATA IN1 © 
(0h) 


DATA IN 2 © 
(Di2) 


DATA IN 8 
(Dlg) 


CLEAR 
(CTR) 


STROBE 
(STR) 


DP7311/DP8311 


Data 


Clear Strobe Output 


Don’t Care 

Outputs Off 

Outputs On 

Pre-existing Output 
Positive Edge Transition 


DP7310/DP8310 


© DATA OUT 1 
(004) 


© DATA OUT 2 
(002) 


© DATA OUT 8 
(008) 


TL/F/5246-3 


DP7311/DP8311 


© DATA OUT 1 
(001) 


O DATA OUT 2 
(002) 


O DATA OUT 8 


TL/F/5246-4 





Switching Time Waveforms 


DP7310/DP8310 


OATA INPUT 
Ov 


3V 
WE, OR WE2 
ov 


yt 
OUTPUT 
VoL 


LL€8dG/0L€8dG/}L€2Zdd/0leZdd 


TL/F/5246~5 


DP7311/DP8311 
<-— ISETUP 


Ky 
DATA INPUT 
ov 


3V 
ov 
av 
cif 
ov 
yt 


OUTPUT 


VOL 
TL/F/5246-6 


V+ =10V 


AL = 1002 AL = 1002 





TL/F/5246-7 TL/F/5246-8 
*WE, = OV When the Input = WE2 Pulse Generator Characteristics: 
Zo = 50N, t = te = Srns 


FIGURE 1. DP7310/DP8310 FIGURE 2. DP7311/DP8311 





DP7310/DP7311/DP8310/DP8311 


Typical Applications 0ps310/11 Buffering High Current Device (Notes 1 and 2) 


PNP High Current Driver NPN High Current Driver 
30V MAX. 30VMAX vt 


— 
10F8 100 mA MAX. 
OUTPUTS 


TL/F/5246-9 TL/F/5246-10 


VMOS High Current Driver Circuit Used to Reduce Peak 
Transient Lamp Current 


Vp = 6.3V 


Vea -V 
Re ~ ( aie +) 


3 
ra= (5 7 *) 180 = 95.4 = 1009 


TL/F/5246-11 


TL/F/5246-12 


Eight Output/Four Output Fiber Optic LED Driver 


DP8311 100 mA Drivers DP8311 Parallel Outputs (200 mA) Drivers* 


10F8 
UTPUT: 7 LED TO . 
FALLTHROUGH FIBER OPTIC 10F 4 
MODE OUTPUTS 
FALLTHROUGH 
MODE 
TL/F/5246-13 ; ; 
*Parallel only adjacent outputs 


TL/F/5246-14 
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Typical Applications (Continued) 


8-Bit Level Translator-Driver 


+5 V+ 


LOAD OR 
OUTPUT PULL-UP 


ae 


Vcc 
jem +a | 


0Pa311 
cLR 


TL/F/5246-15 


200 mA Drive for a 4 Phase Bifilar Stepper Motor 


+VSTEPPER 
30V MAX. 


DATA BUS 
0P8310 


S 
Y 
S 
T 
E 
M 
B 
U 
Ss 


*Parallel only 
adjacent outputs 


ADDRESS/CE El 


TL/F/5246-17 


acu 2ZmMAv*<Nn 


“ocn rFrowmAzon 


Digita! Controlled 256 Level 
Power Supply from 1.2V to 30V 


LM117 SERIES 
ADJUSTABLE 
VOLTAGE 
REGULATORS 


SETS MAX 
VOUT 


“=. O-WOoOUO 
AAHCVANCO PAYoO 


*SETS VouT 


TL/F/5246-16 


Reading the State of the Latched Peripherals 
y+ 


8 PERIPHERAL 
LOADS 


DP8310 
IN OUT 


DATA BUS 


WE] WE2 
*High Level Input 
8 Voltage must not 


Exceed Vcc of the 
DM81LS96 


OM81LS96* 
TRI-STATE 


TL/F/5246-18 


Note 1: Always use good Voc bypass and ground techniques to suppress transients caused by peripheral loads. 


Note 2: Printed circuit board mounting is required if these devices are operated at maximum rated temperature and current (all outputs on DC). 
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DS1631/DS1632/DS1633/DS1634/DS3631/DS3632/DS3633/DS3634 


4A National 


Semiconductor 


DS1631/DS3631/DS1632/DS3632/DS1633/DS3633/ 
DS 1634/DS3634 CMOS Dual Peripheral Drivers 


General Description 


The DS1631 series of dual peripheral drivers was designed 
to be a universal set of interface components for CMOS 
circuits. 


Each circuit has CMOS compatible inputs with thresholds 
that track as a function of Vcc (approximately %4 Voc). The 
inputs are PNPs providing the high impedance necessary 
for interfacing with CMOS. 


Outputs have high voltage capability, minimum breakdown 
voltage is 56V at 250 pA. 


The outputs are Darlington connected transistors. This al- 
lows high current operation (300 mA max) at low internal 
Vcc current levels since base drive for the output transistor 
is obtained from the load in proportion to the required load- 
ing conditions. This is essential in order to minimize loading 
on the CMOS logic supply. 


Typical Vcc = 5V power is 28 mW with both outputs ON. 
Vcc operating range is 4.5V to 15V. 

The circuit also features output transistor protection if the 
Voc supply is lost by forcing the output into the high impe- 


dance OFF state with the same breakdown levels as when 
Voc was applied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: DS75451, 
DS75461. This feature allows direct conversion of present 
systems to the MM74C CMOS family and DS1631 series 
circuits with great power savings. 


The DS1631 series is also TTL compatible at Voc = 5V. 


Features 

m CMOS compatible inputs 

@ High impedance inputs 

g@ High output voltage breakdown 56V min 

@ High output current capability 300 mA max 

m Same pin-outs and logic functions as DS75451 and 
DS75461 series circuits 

m Low Vcc power dissipation (28 mW both outputs “ON” 
at 5V) 


PNP’s 


Connection Diagrams (buat-in-Line and Metal Can Packages) 


TL/F/5816-1 
Top View 
Order Number DS1631J-8, 
DS3631J-8 or DS3631N 


Top View 
Order Number DS1632J-8, 
DS3632J-8 or DS3632N 


TL/F/5816-2 


TL/F/5816-4 
Top View 
Order Number DS1634J-8, 
DS3634J-8 or DS3634N 


TL/F/5816-3 
Top View 
Order Number DS1633u-8, 
DS3633J-8 or DS3633N 


See NS Package Number JO8A or NO8E 


TL/F/5816-5 
Top View 
(Pin 4 is electrically connected to the 
case.) 


Top View 


case.) 
Order Number 
DS1632H or DS3632H 


Order Number 
DS1631H or DS3631H 


TL/F/5816-6 


(Pin 4 is electrically connected to the 


TL/F/5816-8 
Top View 
(Pin 4 is electrically connected to the 
case.) 
Order Number 
DS1634H or DS3634H 


TL/F/5816-7 
Top View 
(Pin 4 is electrically connected to the 
case.) 
Order Number 
DS1633H or DS3633H 





See NS Package Number H08C 
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Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 


please contact the National Semiconductor Sales Supply Voltage, Vcc 
Office/Distributors for availability and specifications. DS1631/DS1632/ 


Supply Voltage 

Voltage at Inputs 

Output Voltage 

Storage Temperature Range 


16V DS1633/DS1634 


—0.3V to Vcc + 0.3V 
56V DS3631/DS3632/ 
—65°C to + 150°C DS3633/DS3634 


Maximum Power Dissipation* at 25°C 


Cavity Package 
Molded Package 
TO-5 Package 


1133 mw Temperature, Ta 
1022 mW DS1631/DS1632/ 
787 mW DS1633/DS81634 


Lead Temperature (Soldering, 4 sec. 260°C 


*Derate cavity package 7.6 mW/°C above 25°C; derate molded package DS3631/DS3632/ 
8.2 mW/°C above 25°C; derate TO-5 package 5.2 mW/°C above 25°C. DS3633/DS3634 


Electrical Characteristics (Notes 2 and 3) 


Symbol] Parameter | Conditions, | Min] Typ | Max | Units 


ALL CIRCUITS 


Logical ‘1” Input Voltage | (Figure 7) 
Logical “O” Input Voltage | (Figure 7) 


Logical “1” Input Current | Voc = 15V, Vin = 15V, (Figure 2) | | 
Logical “0” Input Current | Vin, = 0.4V, (Figure 3) | Voc = 5V || 
Voc = 15V Pee 


Output Breakdown Voltage | Voc = 15V, lon = 250 pA, (Figure 7) 


Output Low Voltage Voc = Min, (Figure 7), 
DS1631, DS1632, lo. = 100 mA 
DS1633, DS1634 lo, = 300 mA 


Voc = Min, (Figure 7), 
DS3631, DS3632, lo. = 100 mA 


a 
ad 
Both Drivers| | 
rr? [iva 7] eons — 
Both Drivers |_| 
Voc = 5V, Ta = 25°C, CL = 15 pF, Ry = 509, V_ = 10V, 


(Figure 5) 


Voc = 5V, Ta = 25°C, CL = 15 pF, RL = 50, Vi = 10V, 
(Figure 5) 


owe ere a 
Pe Tes 


Vin = OW. awe) Sapatign E25 | a | 
ie 


Voc = 5V, Ta = 25°C, C_ = 15 pF, R_ = 500, Vi = 10V, 500 
(Figure 5) 
Voc = 5V, Ta = 26°C, CL = 15 pF, R, = 500, Vi = 10V, 750 
(Figure 5) 


DS1631/DS3631 
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DS1631/DS1632/DS1633/DS1634/DS3631/DS3632/DS3633/DS3634 


Electrical Characteristics (Notes 2 and 3) (Continued) ; s 


Symbol Conditions | min | Typ | Max | Units 


DS1633/DS3633 


Supply Currents | ‘Vin = OV, (Figure 4) OutputLow |_| 75 | 12 | 
Vcc = 15V fll AB 28%] 
(Figura 4) Voc = 5V,Vin=5V_ | OutputHigh | =| 2 | 4 | 

Voc = 15V, Vin = 15V be | 


Propagation to “1” | Voc = 5V, Ta = 25°C, C, = 15 pF, R, = 50, Vv; = 10V, 
(Figure 5) 


Propagation to “0” | Voc =.5V, Ta = 25°C, C, = 15 pF, Ry, = 500, Vi = 10V, 
(Figure 5) 


DS1634/DS3634 
ewes ouputow |__| 75 [2 | 
ae 
a Gn oupurieh |_|-3 | 5 | 
Par Fe 


Propagation to “1” | Voc = 5V, Ta = 25°C, CL = 15 pF, R_ = 500, Vi = 10V, 
(Figure 5) 
Propagation to 0” | Voc = 5V, Ta = 25°C, OC, = 15 pF, R, = 500, V, = 10V, 
; (Figure 5) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the 0S1631, DS1632, DS1633 and DS1634 and 
across the 0°C to + 70°C range for the DS3631, DS3632, DS3633 and DS3634. All typical values are for Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. ; 


Test Circuits 


CIRCUIT 
UNDER 
TEST 


TL/F/5816-9 


Apply Measure 
VIL Voc lou VoL 
bod BENE E-S 
VIL Voc loH Vou 
eee 
ViL VIL lou: VoL 
ViL ViL lOH VoH 


Note: Each input is tested separately. 


FIGURE 1. Vin, Vits Vou» Vor 





Test Circuits (Continued) 


CIRCUIT 
UNDER 
TEST 


TL/F/5816-10 
Each input is tested separately. 


FIGURE 2. Ih 


CIRCUIT 
UNDER 
TEST 


alt 


—_~ TL/F/5816~12 


Both gates are tested simultaneously. 


ee FIGURE 4. Icc for AND and NAND Circults 


Note A: Each input is tested separately. 


Note B: When testing DS1633 and DS1634 input not under test Is grounded. 
For all other circuits it is at Voc. 


FIGURE 3. hi 


Schematic Diag ramM (Equivalent Circuit) 


OUTPUT 


1 Losic 
AND LEVEL 
TRANSLATION 

j ELEMENTS 


ee ee | 


1/2 of circuit shown 


TL/F/5816-15 
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DS1631/DS1632/DS1633/DS1634/DS3631/DS3632/DS3633/DS3634 


Switching Time Waveforms 


INPUT 


DS3631, 
0S3632 


PULSE 
GENERATOR 


(NOTE 1) CIRCUIT 
UNDER 


TEST 
CL =15 pF 
(NOTE 2) 


0S3633, 
0S3634 


TL/F/5816-13 


5.0V 


INPUT 
0S1631 
0S1633 


OV 


5.0V 


INPUT 
0S1632 
DS1634 


ov 


Vou 


OUTPUT 


Vou 


: TL/F/5816-14 
Note 1: The pulse generator has the following characteristics: PRR = 500 kHz, Zout = 500 


Note 2: C,_ includes probe and jig capacitance 
FIGURE 5. Switching Times 





Za National 


Semiconductor 


DS3654 Printer Solenoid Driver 


General Description 


The DS3654 is a serial-to-parallel 10-bit shift register with a 
clock and data input, a data output from the tenth bit, and 
10 open-collector clamped relay driver outputs suitable for 
driving printer solenoids. 


Timing for the circuit is shown in Figure 7. Data input is 
sampled on the positive clock edge. Data output changes 


Connection Diagram 


Dual-In-Line Package 


OUTPUT ENABLE 
OUTPUT & QUTPUT 5 
OUTPUT 7 OUTPUT 4 


OUTPUT 8 OUTPUT 3 


OUTPUTS OUTPUT 2 


OUTPUT 10 OUTPUT 1 


DATA OUTPUT DATA INPUT 


GND CLOCK 


TL/F/5817-1 
Top View 


Order Number DS3654J or DS3654N 
See NS Package Number J16A or N16A 


Logic Diagram 


output _1 
ENABLE U ie v 


on the negative clock edge, and is always active. Enable 
transfers data from the shift register to the open-collector 
outputs. Internal circuitry inhibits output enable for power 
supply voltage less than 6V. 

Each output sinks 250 mA and is internally clamped to 
ground at 50V to dissipate energy stored in inductive loads. 


Pin Descriptions 


Output Enable 
Output 6 
Output 7 
Output 8 
Output 9 
Output 10 
Data Output 
Ground 
Clock Input 
Data Input 
Output 1 
Output 2 
Output 3 
Output 4 
Output 5 
Voc 


OUTPUTS 


Tg DATA 
OUTPUT 


TL/F/5817-2 
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DS3654 


Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Supply Voltage, Voc 9.5V Max 
Input Voltage —0.5V Min. 9.5V Max 
45V Max 


Maximum Power Dissipation* at 25°C 
Cavity Package 1635 mW 
Molded Package 1687 mW 
Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 10.9 mW/°C above 25°C; derate molded package 
13.5 mW/°C above 25°C. 


Output Supply, Vp-p 


Storage Temperature Range —65°C to + 150°C Operating Conditions 
Output Current (Single Output) 0.4A Min Max 


Ground Current 4.0A Supply Voltage (Vcc) 7.5 9.5 
Peak Power Dissipation t < 10 ms, Temperature (Ta) 0 +70 


Duty Cycle < 5% 4.5W Max Output Supply (Vp-p) 


Electrical Characteristics (Notes 2, 3 and 4) Vp-p = 30V unless otherwise noted 


Parameter | Conditions 
IcLamp = 0.1A, Ven = OV 


Von = 40V, Ven = OV 
lo. = 250 mA, Ven = 2.6V 


Ty 


G 


Logical 1” Input Voltage 
Logical “O” Input Voltage 


2.6 
45 


Logical ‘‘1”” Output Voltage Clamp 
Logical ‘1’ Output Current 


= Ps) 
[o>] 


Logical “0” Output Voltage 


Logical “1” Input Current 
Clock Ta = 70°C, VoL = 2.6V 
Enable Ta = 70°C, Ven = 2.6V 
Data Ta = 70°C, Vp = 2.6V 
Clock Ta = 0°C, VoL = 2.6V 
Enable Ta = 0°C, Ven = 2.6V 
Data Ta = 0°C, Vp = 2.6V 


Logical ‘O” Input Current 
Clock Ta = 70°C, VoL = 1V 
Enable Ta = 70°C, Ven = 1V 
Data Ta = 70°C, Vp = 1V 


Input Pull-Down Resistance 
Clock Ta = 28°C, Vor < Veco 
Enable Ta = 25°C, Ven < Voc 
Data Ta = 28°C, Vp < Voc 


Seo 
aan 


Supply Current (Ioc) 
Outputs Disabled 


£ 
o 


Ta 2 25°C, Ven = OV, Vpo = OV, 

Vec = 9.5V 

Ta = 25°C, Ven = 2.6V, lot = 250 mA 
Each Bit 


Vp = OV, lo. = OV 
Data Output High (Vpon) Vp = 2.6V, lon = —0.75 mA 


Data Output Pull-Down Resistance Vp = OV, Vpo = 1V 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C temperature range and the 7.5V to 9.5V power supply range. All typical values 
given are for Voc = 8.5V and Ta = 25°C. } : 


Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 


Outputs Enabled 





Data Output Low (VpoL) 


Note 4: Only one output at a time should be shorted. 





Switching Characteristics oc to +70°c, Ta = 25°C, nominal power supplies unless otherwise noted 


Parameter Conditions | Min | typ | Max | Units 


Clik, Data and Enable Inputs (Figure 1) 


pS9ESad 












tec BS 
trc tgit 2 10 ws BS 
'cLk BS 
tCLK BS 
tHOLD BS 
tseT-uP BS 
tRe.tRD IN BS 
tee, teD IN ps 
Output 1-10 Vp-p = 20V 
tro Ri = 1000, C, < 100 pF ps 
teo R_ = 100, CL < 100 pF ps 
tPDEH BS 
tpDEL BS 








ps 
ps 


Data Output 
tPDH: tpoL Ri = 5k, C, < 10 pF 0.8 ps 
trp 0.4 ps 
tFp 0.4 pS 
tcE 2 teit 
ar =a aa 


tBiT 


Enable to Clock Delay 


Switching Time Waveforms 


tCLK EN i 






OUTPUT 
ENABLE 


CLK1 CLOCK N 


V CLOCK 


DATA IN 





OUTPUT 
ENABLE 


OUTPUT 


DATA OUT X 
V 


tro ‘PDH —~ L—tap a) 


FIGURE 1. Shift Timing 


TL/F/5817-3 
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DS3654 


Definition of Terms 


Vp-p: Output power supply voltage. The return for open-col- 
lector relay driver outputs. 


tpt: Period of the incoming clock. 
Ve_k: The voltage at the clock input. 
teL_k: The portion of tary when Vo_k = 2.6V 


tek: The portion of tar when Vo_k S 0.8V 

tseT-up: The time prior to the end of tc_k required to insure 
valid data at the shift register input for subsequent clock 
transitions. 

tHoLp: The time following the start of tc_« required to trans- 
fer data within the shift register. 
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Za National 


Semiconductor 


DS3656 Quad Peripheral Driver 


General Description 


The DS3656 is a quad peripheral driver designed for use in 
automotive applications. Logically it is an open collector 
NAND function with all inputs compatible with 74LS and 
CMOS series products. An enable input is provided that is 
common to each driver. When taken to a logic zero level all 
outputs will turn off. Also, overvoltage is detected. 


The DS3656 has features associated with the output struc- 
ture that make it highly versatile to many applications. Each 
output is capable of 600 mA sink currents and offers 65V 
standoff voltage in non-inductive applications. A clamp net- 
work capable of handling 800 mA is incorporated in each 
output which eliminates the need of an external network to 
quench the high voltage backswing caused when switching 
inductive loads up to 30V (reference AN-213). 


The DS3656 is intended to operate from a 12V automotive 
battery. Internal to the device is its own voltage regulator 
which permits the device to operate during the wide voltage 
variation seen in many automotive applications. An over- 
voltage-protection circuit is incorporated that will cause the 
outputs to turn off when the supply exceeds 30V. The circuit 
is designed to withstand worst case fault conditions that 
occur in automotive applications, such as high voltage tran- 


Connection Diagram 


sients and reverse battery connection. In this type of envi- 
ronment an external 100 resistor must be connected in 
series with the Vcc line. 

The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a copper PC board the power rating of the 
device will significantly improve. 


Features 

@ Quad automotive peripheral driver 

m@ 600 mA output current capability 

@ High voltage outputs—65V 

m@ Clamp diode provided for inductive loads 

@ Built in regulator 

g Overvoltage failsafe 

m TTL/LS/CMOS compatible diode clamped inputs 

m@ High power dissipation package 

@ Guaranteed to withstand worst case fault conditions 


Dual-In-Line Package 


OUTA CLAMP’ OUTB GND 


GND OUTC CLAMP2 OUTD 
TL/F/5818-1 


Top View 


Order Number DS3656N 
See NS Package Number N16A 


Truth Table 


High level L = Lowlevel X = Irrelevant 


High impedance state 
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DS3656 


Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage, Vcg ~*~ 10.5 


Office/Distributors for availability and specifications. Temperature 40 


‘Supply Voltage, Voc (Note 2) 65V 


Input Voltage 7V 
Output Voltage 65V 
Continuous Output Current 1.2A 


Junction Temperature 150°C 
Thermal Resistance (Junction to Ambient) 
DS3656N Plugged in a Socket 60°C/W 
DS3656N Soldered in a PC Board 35°C/W 
DS3656N Soldered in a PC Board 
with 6 in2 Cn Foil 20°C/W 


Lead Temperature (Soldering, 4 seconds) 260°C 


Electrical Characteristics (Notes 2 and 3) 


symbol ae eee Units 
Voo___| PowerSuppyVottege | tt || V 
lc___|_PowerSupplyCurent | Ts 
Vin | _HighLevelinputvottage | 

| LowLevelinputvoitage | 

[High LovelinputGurent | Mw 27v || 

| LowLevelinutGurent | Vay | 980 

| InputCiampVotage | 10mA |= 

| LowLevelOutputVotage | = 800mAVoo=t0sv | | 15 | 

[| High Level Leakage Current | Von= 85 | Ct 

ip = 800™mA a eo 

| OutputDiodeReverseLeakage | Vasey || 
Bvoen | Voni Switching CapaciiveorResisiveload | | | 
Lvoco | _Vore Switching inductive Clampedtoad | | | 


Switching Characteristics Voc = 13.2v, Ty = 25°C 


[Parameter «| ~—~SS~Cantions «in| Max 
Propagation Delay Time _ Voc = 13.2V, Ry = 309, C, = 15 pF 
Low to High Level Output 
Propagation Delay Time Voc = 13.2V, Rp = 300, CL = 15 pF 
High to Low Level Output 
Transition Time Voc = 13.2V, Rp = 300, CL = 15 pF 
Low to High Level! Output 
Transition Time Voc = 13.2V, Rp = 309, C, = 15 pF 
eee to Low Level Output 


Enable to | EnabletoOutput = Voc = 13.2V, RL = 300, CL = 15pF 


Enable to Output Voc = 13.2V, RL = 309, C, = 15 pF —+- 24 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 





Note 3: Unless otherwise specified min/max limits apply across the —40°C to + 105°C temperature range. 





3-22 


Za National | 


Semiconductor 


DS3658 Quad High Current Peripheral Driver 


General Description 


The DS3658 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. A unique input circuit combines TTL compatibility 
with high impedance. In fact, its extreme low input current 
allows it to be driven directly by a CMOS device. 

The outputs are capable of sinking 600 mA each and offer a 
70V breakdown. However, for inductive loads the output 
should be clamped to 35V or less to avoid latch-up during 
turn off (inductive fly back protection—refer AN-213). An on- 
chip clamp diode capable of handling 800 mA is provided at 
each output for this purpose. In addition, the DS3658 incor- 
porates circuitry that guarantees glitch-free power up or 
down operation and a fail-safe feature which puts the output 
in a high impedance state when the input is open. 

The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves significantly. 


Applications 

tm Relay drivers 

g Lamp drivers 

@ Solenoid drivers 

mg Hammer drivers 

g@ Stepping motor drivers 
m Triac drivers 


Connection Diagram 


Dual-In-Line Package 
GND = GND Vcc 


OUTC CLAMP2 OUTD 
TL/F/5819-1 


QUTA CLAMP1 OUTB GND GND 


Top View 


Order Number DS3658N 
See NS Package Number N16A 


@ LED drivers 


* @ High current, high voltage drivers 


@ Level translators 
® Fiber optic LED drivers 


Features 
@ Single saturated transistor outputs 
m Low standby power, 10 mW typical 
g@ High impedance TTL compatible inputs 
& Outputs may be tied together for increased current ca- 
pacity 
@ High output current 
600 mA per output 
2.4A per package 
No output latch-up at 35V 
Low output ON voltage (850 mV typ @ 600 mA) 
High breakdown voltage (70V) 
Open collector outputs 
@ Output clamp diodes for inductive fly back protection 


—B& NPN inputs for minimal input currents (1 pA typical) 
'& Low operating power 


a Standard 5V power supply 

@ Power up/down protection 

a Fail safe operation 

m@ 2W power package 

& Pin-for-pin compatible with SN75437 


Truth Table 


= High state 
= Low state 
= High impedance state 
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DS3658 


Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage 4.75 
Office/Distributors for availability and specifications. Ambient Temperature 0 


Supply Voltage 7V 
Input Voltage 15V 
Output Voltage 70V 
Output Current 1.5A 


Continuous Power Dissipation 
@ 25°C Free-Air (Note 5) 2075 mw 


Storage Temperature Range —65°C to + 150°C 
Lead Temperature (Soldering, 4 sec.) 260°C 


Electrical Characteristics (notes 2 and 3) 


symbol_| Parameter |__—— Conditions| oMin_ | Typ | Max 
|_inputHigh voltage | | ko || 
| inputLowvotage | 


ans anaes 
| aes er oe 
es eee 
: [ee See | 
OutputLowVotage = | h=s00ma | |e 
ee ae 
ae ae 
| Diode Forward Votage | ip= 800m || tc 
| DiodeLeakage Curent | Va=7ov | | 

ee Ja 

ee ee ae 


Supply Current 
Switching Characteristics (note 2) 


Parameter | ___—Conditions_——| 
Turn On Delay Rc = 600, V_ = 30V_ 
Turn Off Delay R_ = 609, V_ = 30V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for Ta = 25°C and Voc = 5.0V. 


Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 


Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall within 
specified continuous dissipation ratings. 


Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @ 70°C @ the rate of 16.6 mW/°C. 


Output Leakage Current Voce = 7O0V, Vin = 0.8V 
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AC Test Circuit 


Vcc 


4, 5, 12, 13 


“includes probe and jig capacitance 


Typical Applications 


Stepping Motor Driver 
5V 


9, 10, 15, 16 
DATA BUS 


*L1, L2, L3, L4 are the windings of a bifilar stepping motor 
**Vuotor is the supply voltage of the motor 


Switching Waveforms 


w—; 


OUTPUT 
Vou 


TL/F/5819-2 


Lamp Driver 


Vmoron™ * 


9, 10, 15, 16 


CONTROL 
LEVELS 


TL/F/5819-4 
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TL/F/5819-3 


TL/F/5819-5 
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Semiconductor 


ZA National aa 


DS3668 Quad Fault Protected Peripheral Driver 


General Description 


The DS3668 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. Unlike most peripheral drivers available, a unique 
fault protection circuit is incorporated on each output. When 
the load current exceeds 1.0A (approximately) on any out- 
put for more than a built-in delay time, nominally 12 ys, that 
output will be shut off by its protection circuitry with no effect 
on other outputs. This condition will prevail until that protec- 
tion circuitry is reset by toggling the corresponding input or 
the enable pin low for at least 1.0 ws. This built-in delay is 
provided to ensure that the protection circuitry is not trig- 
gered by turn-on surge currents associated with certain 
kinds of loads. 


The DS3668’s inputs combine TTL compatibility with high 
input impedance. In fact, its extreme low input current al- 
lows it to be driven directly by a MOS device. The outputs 
are capable of sinking 600 mA each and offer a 70V break- 
down. However, for inductive loads the output should be 
clamped to 35V or less to avoid latch up during turn off 
(inductive fly-back protection — refer AN-213). An on-chip 
clamp diode capable of handling 800 mA is provided at 
each output for this purpose. In addition, the DS3668 incor- 
porates circuitry that guarantees glitch-free power up or 
down operation and a fail-safe feature which puts the output 
in a high impedance state when the input is open. 

The molded package ’is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves significantly. 


Connection Diagram 


Dual-In-Line Package 


OUTC CLAMP2 OUTD 
TL/F/5225-1 


QUTA CLAMP1 OUTB GND GND 


Top View 


Applications 

@ Relay drivers 

m@ Solenoid drivers 

mw Hammer drivers 

m Stepping motor drivers © 

m@ Triac drivers 

m@ LED drivers 

m@ High current, high voltage drivers 
& Level translators 

m Fiber optic LED drivers 


Features 

m Output fault protection 

@ High impedance TTL compatible inputs 

@ High output current—600 mA per output 

@ No output latch-up at 35V 

@ Low output ON voltage (550 mV typ @ 600 mA) 

m@ High breakdown voltage (70V) 

m Open collector outputs 

m Output clamp diodes for inductive fly-back protection 
m NPN inputs for minimal input currents (1 »A typical) 
m Low operating power 

m Standard 5V power supply 

m Power up/down protection 

m Fail-safe operation 

m@ 2W power package 

@ Pin-for-pin compatible with SN75437 


Truth Table 


H = High state 
L = Low state 
Z = High impedance state 


Order Number DS3668N 
See NS Package Number N16A 
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Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage 4.75 
Office/Distributors for availability and specifications. 


Supply Voltage 7.0V 
Input Voltage 15V 
Output Voltage 70V 


Continuous Power Dissipation 
@ 25°C Free-Air(5) 2075 mW 


Storage Temperature Range —65°C to + 150°C 
Lead Temperature (Soldering, 4 seconds) 260 


899€Sd 


Ambient Temperature 0 


Electrical Characteristics (Notes 2 and 3) 


Symbol 
Vin | ImputHighVottage | 
Vi__| tnputLowvotage | 
i 


Output Low Voltage IL = 300 mA 
IL = 600 mA (Note 4) 


Output Leakage Current Voce = 70V, Vin = 0.8V 
Diode Forward Voltage l-F = 800 mA 
Diode Leakage Current VR = 70V 


Supply Current 
All Inputs Low 
Protection Circuit 
Threshold Current 
Switching Characteristics (note 2) | 


Conditions 
Turn On Delay Ry = 609, VL = 30V 
Turn Off Delay Ry = 609, VL = 30V 


Protection Enable Delay 
(after Detection of Fault) 


Protection Circuit Reset 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for Ta = 25°C and Vcc = 5.0V. 





Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 


Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall within 
specified continuous dissipation ratings. 


Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @ 70°C @ the rate of 16.6 mW/°C. 
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DS3668 


AC Test Circuit 


Vcc 


OUTPUT 
Vo 


TL/F/5225-2 
*Includes probe and jig capacitance. 


Typical Application 


Stepping Motor Driver 


Vworon™ * 


9, 10, 15, 16 
DATA BUS 


a” 
> 
[--] 
= 
Ww 
=_ 
a 
> 
” 


*L1, L2, L3, L4 are the windings of a bifilar stepping motor. 
**Vmuotor is the supply voltage of the motor. 


Protection Circuit Block Diagram 


CURRENT 
SENSING 
CIRCUITRY 
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TL/F/5225-4 


TL/F/5225-5 


TL/F/5225-3 
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DS3669 Quad High Current Peripheral Driver 


General Description 


The DS3669 is a non-inverting quad peripheral driver similar 
to the DS3658. These drivers are designed for those appli- 
cations where low operating power, high breakdown volt- 
age, high output current and low output ON voltage are re- 
quired. A unique input circuit combines TTL compatibility 
with high impedance. In fact, its extreme low input current 
allows it to be driven directly by a CMOS device. 


The outputs are capable of sinking 600 mA each and offer a 
70V breakdown. However, for inductive loads the output 
should be clamped to 35V or less to avoid latch-up during 
turn off (inductive fly back protection—refer AN-213). An on- 
chip clamp diode capable of handling 800 mA is provided at 
each output for this purpose. In addition, the DS3669 incor- 
porates circuitry that guarantees glitch-free power up or 
down operation. 


The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves significantly. 


Applications 


m Relay drivers 
m= Lamp drivers 
m Solenoid drivers 
mg Hammer drivers 


Connection Diagram 


Dual-In-Line Package 


GND GND Vec 


OUTC CLAMP 2 OUTD 
TL/F/5820-1 


OUTA CLAMP1 OUTB GND GND 


Top View 


Order Number DS3669N 
See NS Package Number N16A 





m@ Stepping motor drivers 

@ Triac drivers 

gw LED drivers 

@ High current, high voltage drivers 
@ Level translators 

m Fiber optic LED drivers 


Features 
m Single saturated transistor outputs 
m Low standby power, 10 mW typical 
m High impedance TTL compatible inputs 
m@ Outputs may be tied together for increased current 
capacity 
m@ High output current 
600 mA per output 
2.4A per package 
m No output latch-up at 35V 
m@ Low output ON voltage (350 mV typ @600 mA) 
m@ High breakdown voltage (70V) 
Open collector outputs 
= Output clamp diodes for inductive fly back protection 
m NPN inputs for minimal input currents (1 A typical) 
m™ Low operating power 
m Standard 5V power supply 
m Power up/down protection 
m 2W power package 


Truth Table 


H=High state 
L=Low state 
Z=High impedance state 
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DS3669 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C 
Office/Distributors for availability and specifications. 


Supply Voltage 7.0V Operating Conditions 
Input Voltage 15V Min 


Output Voltage 70V Supply Voltage 4.75 


Output Current 1.5A Ambient Temperature 0 
Continuous Power Dissipation 3 
@25°C Free-Air (Note 5) 2075 mw 


Electrical Characteristics (notes 2 and 3) 


symbol_| Parameter | __—Gonaitions,_—|_Min_ | typ | Max _| 
| inputHighVotage | | eo | 

| inputLowvotage | | 

| Input igh Gurrent_ | Vin= 5.25V,Voo=5.26v | | 19 | 10 

| inputLow Curent | Viw= ov | | tO 

| _inputClamp voltage | h= tama || 08 | 15 

| Ovratowvorce | ue omema ——_}_}_oz_} 04 

| = s00mainotea | | oss |r 


Output beakage Current Vo = 7OV, Vin = 2V, 
ar eee = 0.8V 


Diode Forward | Diode Forward Voltage _| = 800 | ip=800mA sd 


eee ee 


Supply Current All Inputs Low 
EN=2.0V 


| Allinputstigh || eT 


Switching Characteristics (note 2) 


Conditions | win | typ | Max__| 
TumOnDelay | R=e0%v=sov | | 226 | 500 
Turn Off Delay RL=600,v.=30v | ‘| ~—2430—«|~——saa000 





Note 1: ‘‘Absolute Maximium Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for Ta=25°C and Vcc=5.0V. 


Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 


Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall within 
specified continuous dissipation ratings. 


Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @70°C @ the rate of 16.6 mW/°C. 
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AC Test Circuit 


Vcc 


*Includes probe and jig capacitance 


Typical Applications 


Stepping Motor Driver 


9, 10, 15, 16 


DATA BUS DS3669 


SYSTEM BUS 


*L1, L2, L3, L4 are the windings of a bifilar stepping motor. 
**VuotTor is the supply voltage of the motor. 





Switching Waveforms 


699€Sd 


OUTPUT 
VoL 


TL/F/5820-3 


TL/F/5820-2 


Lamp Driver 


9, 10, 15, 16 


CONTROL 
LEVELS 


a ee: 


Fa y.2) 
New at 
(a) 
Nene at? 


TL/F/5820-4 TL/F/5820-5 
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DS3680 Quad Negative Voltage Relay Driver 


General Description 


The DS3680 is a quad high voltage negative relay driver 
designed to operate over wide ranges of supply voltage, 
common-mode voltage, and ambient temperature, with 
50 mA sink capability. These drivers are intended for switch- 
ing the ground end of loads which are directly connected to 
the negative supply, such as in telephone relay systems. 


Since there may be considerable noise and IR drop be- 
tween logic ground and negative supply ground in many ap- 
plications, these drivers are designed to operate with a high 
common-mode range (+ 20V referenced to negative supply 
ground). Each driver has a common-mode range separate 
from the other drivers in the package, which pemits input 
signals from more than one element of the system. 

With low differential input current requirements (typically 
100 pA), these drivers are compatible with TTL, LS and 
CMOS logic. Differential inputs permit either inverting or 
non-inverting operation. 


Connection Diagram 


Dual-In-Line Package | 


TL/F/5821-1 
Top View 


Order Number DS3680J, DS3680M or DS3680N 
See NS Package Number J14A, M14A, N14A 


Truth Table 


The driver outputs incorporate transient suppression clamp 
networks, which eliminate the need for external networks 
when used in applications of switching inductive loads. A 
fail-safe feature is incorporated to insure that, if the +IN 
input or both inputs are open, the driver will be OFF. 


Features 

m —10V to —60V operation 

@ Quad 50 mA sink capability 

m TTL/LS/COMS or voltage comparator input 
®@ High input common-mode voltage range 

m@ Very low input current 

m@ Fail-safe disconnect feature 

@ Built-in output clamp diode 


Logic Diagram 


TL/F/5821-2 


Differential Inputs | outputs | 
| voz2v | On 
Vip < 0.8V 


Off 
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Absolute Maximum Ratings (note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Min 
Office/Distributors for availability and specifications. Supply Voltage (GND to Veg—) 410 
Supply Voltage (GND to Vee—, and Any Pin) —70V Input Voltage (Input to GND) —20 
Positive Input Voltage (Input to GND) 20V Logic ON Voltage (+ IN) 
Negative Input Voltage (Input to Veg —) /  =5V Referenced to —IN 
Differential Voltage (+ IN to —IN) +20V Logic OFF Voltage (+ IN) 
Inductive Load L<5h Referenced to —IN 

IL <50 mA Temperature Range 
Output Current —100 mA 
Storage Temperature —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 


Cavity Package 1433 mW 
Molded Dip Package 1398 mW 
SO Package 1002 mW 


Lead Temperature (Soldering, 4 seconds) 260°C 


* Derate cavity package 9.6 mW/°C above 25°C; derate molded dip pack- 
age 11.2 mW/°C above 25°C; derate SO package 8.02 mW/°C above 
25°C. 


Electrical Characteristics (Notes 2 and 3) 


Symbol Conditions | Min | Typ | Max | Units 
Vin Logic 1" Input Voltage SSS 
VIL Logic ‘‘0” Input Voltage ; Vv 


lINH Logic ‘'1”’ Input Current a = 2V A 
Vin = 7V A 


INL Logic ‘‘0” Input Current Vin = 0.4V 
Vin = —7V 
VoL Output ON ani lo. = 50mA genome Jn) ots | 


lorr | OutputLeakage = sd Leakage | Vour=Vee-_—_| = Veeé 


lFs Fail-Safe Output Leakage Vout = Vee- 
eee Open) 


ILc | Output Clamp Leakage Current Clamp Leakage Current | Vour=GND = GND 


Vo Output Clamp Voltage IcLAMP = —50mA 
Referenced to Veg— 

Vp Positive Output Clamp Voltage IcLamMp = 50 mA 
Referenced to GND 


IEE(ON) ON Supply Current All Drivers ON an ce |} 44 | 4 
lEE(OFF OFF Supply Current All Drivers OFF ff tf 100 


tpD(ON) Propagation Delay to Driver ON L = 1h, RL = 1k, { 10 
Vin =9V Pulse 

tpD(OFF) Propagation Delay to Driver OFF L = th, Ry = 1k, 1 10 
Vin = 3V Pulse 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 
they are not meant to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified, the min/max limits of the table of ‘Electrical Characteristics” apply within the range of the table of ‘Operating Conditions”. All 
typical values are given for Vee- = 52V, and Ta = 25°C. 

Note 3: All current into device pins shown as positive, out of the device as negative. All voltages are referenced to ground unless otherwise noted. 
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DS3680 


Schematic Diagrams | 


TL/F/5821-3 


(1/4 CIRCUIT SHOWN) 


TL/F/5821~4 





ZA National 


Semiconductor 


DS3686 Dual Positive Voltage Relay Driver 


General Description 


The DS3686 is a high voltage/current positive voltage relay 
driver having many features not available in present relay 
drivers. 


PNP inputs provide both TTL/LS compatibility and high in- 
put impedance for low input loading. 


Output leakage is specified over temperature at an output 
voltage of 54V. Minimum output breakdown (ac/latch break- 
down) is specified over temperature at 5 mA. This clearly 
defines the actual breakdown of the device since the circuit 
has incorporated in it an internal reference which does not 
allow output breakdown latching found in existing relay driv- 
ers. Additionally, this internal reference circuit feature will 
eliminate the need in most cases of an external clamping 
(inductive transient voltage protection) diode. When the out- 
put is turned “OFF” by input logic conditions the resulting 
inductive voltage transient seen at the output is detected by 
an internal zener reference. The reference then momentari- 
ly activates the output transistor long enough so that the 
relay energy is discharged. This feature eliminates the need 
of external circuit protection components and insures output 
transistor protection. 


The outputs are Darlington connected transistors, which al- 
low high current operation at low internal Voc current 


Connection Diagrams 


Metal Can Package 
Vcc 


TL/F/5822-1 
Top View 
Pin 4 is in electrical contact with the case 


Order Number DS3686H 
See NS Package Number HO8C 


Truth Table 


Positive logic: AB = X 


Logic “0” output ON” 
Logic ‘'1” output “OFF” 


levels—base drive for the output transistor is obtained from 
the load in proportion to the required loading conditions. 
Typical Voc power with both outputs “ON” is 90 mW. 

The circuit also features output transistor protection if the 
Vcc supply is lost by forcing the output into the high imped- 
ance “OFF” state with the same breakdown levels as when 
Voc was applied. 


Features 

m TTL/LS/CMOS compatible inputs 

@ High impedance inputs (PNP’s) 

w High output voltage breakdown (65V typ) 

@ High output current capability (300 mA max) 

m@ Internal protection circuit eliminates need for output 
protection diode 

@ Output breakdown protection if Voc supply is lost 

m Low Vcc power dissipation (90 mW (typ) both outputs 
“ON”) 

m@ Voltage and current levels compatible for use in tele- 
phone relay applications 


Dual-In-Line Package 
Vec B2 A2 X2 


TL/F/5822-2 
Top View 


Order Number DS3686J-8 or DS3686N 
See NS Package Number JO8A or NO8E 
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DS3686 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 7V 
Input Voltage 15V 
Output Voltage 56V 
Storage Temperature Range . —65°C to + 150°C 


Electrical Characteristics (notes 2 and 3) 
Symbol Parameter 
ViH 
liq Logical ‘1” Input Current 
ViL 
HL Logical ‘‘O” input Current 


Logical “1” Input Voltage 


Logical ‘‘O” Input Voltage 


Vop Input Clamp Voltage 


’ Output Breakdown 
Output Leakage 
Output ON Voltage 


loca Supply Current (Both Drivers) 


loc(o) Supply Current (Both Drivers) 


tppo Propagation Delay to a Logical ‘‘O” 


(Output Turn ON) 


Propagation Delay to a Logical “1” 
(Output Turn OFF) 


tpp1 


Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 
TO-5 Package 787 mW 


Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 7.6 mW/°C above 25°C; derate molded package 8.2 
mW/°C above 25°C; derate TO-5 package 5.2 mW/°C above 25°C. 


1133 mW 
1022 mW 


Operating Conditions 
Min 

Supply Voltage, Vcc 4.75 

Temperature, Ta 0 


PFi=1e0nV=s4vivos2sv | 20[ | |v 


Voc = 5V, IcLamp = —12mA, Ta = 25°C 
Voc = Max, Vin = OV, lout = 5mA 
Voc = Max, Vin = 0.4V, Vout = 54V 


Vcc = Min, 
Vin = 2.4V 


Voc = Max, Vin = 0.4V 


| 0s | 250 
FR eee a 


Voc = Max, Vin = OV, Outputs Open 
Voc = Max, V in = 3V, Outputs Open 
CL = 15 pF, Vi = 10V, Ry = 502 

Ta = 28°C, Voc = 5V 

C_ = 15pF, V_ = 10V, RL = 500 
Ta = 25°C, Voc = 5V 


jtor= soma | {| 10 | 12 | 
| of 2 | | 





Note 1; “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS3686. All typicals are given for Voc = 5V and Ta = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 


aS max or min on absolute value basis. 
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Schematic Diagram 


OUTPUT 


INPUTA 


ZENER 
INPUT B EQUIVALENT 


TL/F/5822-3 


AC Test Circuit and Switching Time Waveforms 


Voc=5V 
v= 10V 


PULSE R,=50 
GENERATOR CIRCUIT 
(NOTE 1) UNDER 
TEST CL 15pF 


aE (NOTE 2) 
*% TL/F/5822-4 


Note 1: The pulse generator has the following characteristics: PRR = 100 kHz, 50% duty cycle, Zoyy = 50N, t, = ty < 10 ns. 
Note 2: C, includes probe and jig capacitance. 


3V 


QUTPUT 


TL/F/5822-5 
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DS1687/DS3687 


ZA National 


Semiconductor 


DS1687/DS3687 Negative Voltage Relay Driver 


General Description 
The DS1687/DS3687 is a high voltage/current negative 


voltage relay driver having many features not available in 


present relay drivers. 


PNP inputs provide both TTL/LS compatibility and high in- 


put impedance for low input loading. 


Output leakage is specified over temperature at an output 
voltage of —54V.'Minimum output breakdown (ac/latch 


breakdown) is specified over temperature at —5 mA. This. 
clearly defines the actual breakdown of the device since the 


circuit has incorporated in it an internal reference which 
does not allow output breakdown latching found in existing 
relay drivers. Additionally, this internal reference circuit fea- 
ture will eliminate the need in most cases of an external 
clamping (inductive transient voltage protection) diode. 
When the output is turned “OFF” by input logic conditions 
the resulting inductive voltage transient seen at the output is 
detected by an internal zener reference. The reference then 
momentarily activates the output transistor long enough so 
that the relay energy is discharged. This feature eliminates 
the need of external circuit protection components and in- 
sures Output transistor protection. 


Connection Diagrams 


Metal Can Package 


TL/F/5823-1 
Top View 
Pin 4 is in electrical contact with the case 
Order Number DS1687H or DS3687H 
See NS Package Number H08C 


Truth Table 


Positive logic: AB = X 


Logic “0” output “ON” 
Logic “1” output “OFF” 


The outputs are Darlington connected transistors, which al- 
low high current operation at low internal Voc current lev- 
els—base drive for the output transistor is obtained from the 
load in proportion to the required loading conditions. Typical 
Voc power with both outputs “ON” is 90 mW. 

The circuit also features output transistor protection if the 
Voc supply is lost by forcing the output into the high imped- 
ance “OFF” state with the same breakdown levels as when 
Voc was applied. 


Features 
m TTL/LS/CMOS compatible inputs 
High impedance inputs (PNP’s) 


High output current capability (300 mA max) 
Internal protection circuit eliminates need for output 
protection diode 

m@ Output breakdown protection if Vcc supply is lost 

m Low Vcc power dissipation (90 mW (typ) both outputs 
“ON”) 

m Voltage and current levels compatible for use in tele- 
phone relay applications 


n 

-™ High output voltage breakdown (—65V typ) 
a 

| 


Dual-In-Line Package 
Vec B2 A2 X2 


BI x1 
TL/F/5823-2 
Top View 


Order Number DS1687J-8, 
DS3687J-8 or DS3687N 
See NS Package Number JO8A or NO8E 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage 7V 
Input Voltage 15V 
Output Voltage 56V 
Storage Temperature Range —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 

Molded Package 

TO-5 Package 787 mW 
Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 7.6 mW/°C above 25°C; derate molded package 
8.2 mW/°C above 25°C; derate TO-5 package 5.2 mW/°C above 25°C. 


1133 mW 
1022 mW 


Electrical Characteristics (Note 2 and 3) 


Operating Conditions 
Min 
Supply Voltage, Voc 
DS1687 
DS3687 
Temperature, Ta 


DS1687 —55 
DS3687 0 


4.5 
4.75 


Symbol Conditions 


VIH 


Logical “1” Input Voltage Looe ee ee ed 


WH Logical “1” Input Current Voc = Max, Vin = 5.5V , 


Logical “‘0” Input Voltage 


Logical ‘‘0” Input Current 


Voc = Max, Vin = 0.4V 


Input Clamp Voltage Voc = 5V, IcLamp = —12 mA, Ta = 25°C Ft 40 | =1.5 | 
Output Breakdown Voc = Max, Vin =OV, lout = —5mA 
Output Leakage Voc = Max, Vin = OV, Vout = —54V 


Output ON Voltage 


Ioc(1) 
Ioc(o) 


Propagation Delay to a Logical “0” 
(Output Turn ON) 


tpp(oFF) | Propagation Delay to a Logical “1” 
(Output Turn OFF) 


tpD(ON) 


Supply Current (Both Drivers) Voc = Max, Vin = OV, Outputs Open 
Supply Current (Both Drivers) Voc = Max, Vin = 3V, Outputs Open 


CL = 15 pF, VL = —10V, Ry = 500, 
Ta = 25°C, Voc = 5V 
Cy, = 15 pF, V, = —10V,R, = 500, 
Ta = 28°C, Vcc = 5V 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperture range for the DS1687 and across the 0°C to + 70°C range for 


the DS3687. All typicals are given for Voc = 5V and Ta = 25°C. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 


as max or min or absolute value basis. 
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DS1687/DS3687 


AC Test Circuit and Switching Time Waveforms 


Vec =5V V_ = -10V 


PULSE 
GENERATOR 
(NOTE 1) CIRCUIT 
UNDER 
TEST 
CL = 15 pF 


ole (NOTE 2) 


TL/F/5823-4 
Note 1: The pulse generator has the following characteristics: 
PRR = MHz, 50% duty cycle, Zoyr = 500, t, = ty < 10 ns. 
Note 2: C, includes probe and jig capacitance. 


tPD(ON) tPD(OFF) 


OUTPUT 


VorF 
TL/F/5823-5 


Schematic Diagram 


O OUTPUT 
TL/F/5823-3 
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ZA National 


Semiconductor 


DS55451/2/3/4, DS75450/1/2/3/4 Series 


Dual Peripheral Drivers 


General Description 


The DS75450 series of dual peripheral drivers is a family of 
versatile devices designed for use in systems that use TTL 
logic. Typical applications include high speed logic buffers, 
power drivers, relay drivers, lamp drivers, MOS drivers, bus 
drivers and memory drivers. 

The DS75450 is a general purpose device featuring two 
standard Series 54/74 TTL gates and two uncommitted, 
high current, high voltage NPN transistors. The device of- 
fers the system designer the flexibility of tailoring the circuit 
to the application. 

The DS55451/DS75451, DS55452/DS75452, DS55453/ 
DS75453 and DS55454/DS75454 are dual peripheral AND, 
NAND, OR and NOR drivers, respectively, (positive logic) 


with the output of the logic gates internally connected to the 
bases of the NPN output transistors. 


Features 
m 300 mA output current capability 
m@ High voltage outputs 
m No output latch-up at 20V 
@ High speed switching 
Choice of logic function 
TTL compatible diode-clamped inputs 
Standard supply voltages 
Replaces TI ‘‘A’”’ and ‘‘B”’ series 


Connection Diagrams (Dual-In-Line and Metal Can Packages) 


E2 


a et TL/F/5824—1 


Top View 
Order Number DS75450J or DS75450N 
See NS Package Number J14A or N14A 


Y2 


81 v1 GNO BI v1 GND 
TL/F/5824-2 TL/F/5824-3 
Top View Top View 
Order Number DS55451J-8, 
DS75451J-8, DS75451M or DS75452J-8,DS75452M or 
DS75451N DS75452N 
See NS Package Numbers J08A, M08A* or NO8E 


*See Note 6 and AN-336 regarding S.O. package power dissipation constraints. 


Order Number DS55452J-8, Order Number DS55453u-8, 


Vec B2 A2 


BI Y1 GNO BI YI 
TL/F/5824~4 “TL/F/5824-5 

Top View Top View 
Order Number DS55454J-8, 
DS75453J-8, DS75453M or DS75454J-8 or DS75454N 


DS75453N 
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DS55451/DS55452/DS55453/DS55454/DS75450/DS75451/DS75452/DS75453/DS75454 


Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, DS75450 Maximum Power (Note 6) 

please contact the National Semiconductor Sales Dissipation* at 25°C 

Office/Distributors for availability and specifications. Cavity Package 1308 mW 

Supply Voltage, (Vcc) (Note 2) 7.0V Molded Package 1207 mw 

; Dissipation? at 25°C a 

Inter-Emitter Voltage (Note 3) 5.5V Cavity Package 1090 mw 

Vcc-to-Substrate Voltage Molded DIP Package 957 mW 
DS75450 35V TO-5 Package . 760 mW 

Collector-to-Substrate Voltage SO Package 632 mW 


DS75450 35V Storage Temperature Range —65°C to + 150°C 


Collector-Base Voltage Lead Temperature (Soldering, 4 sec.) 260°C 
DS75450 35V 


Collector-Emitter Voltage (Note 4) Operating Conditions (note 7) 
DS75450 30V Min Max 


Emitter-Base Voltage Supply Voltage, (Vcc) 


DS75450 5.0V DS5545X 4.5 5.5 ov 


Output Voltage (Note 5) DS7545X 4,75 5.25 V 
DS55451/DS75451, DS55452/DS75452, 30V Temperature, (Ta) 


Collector Current (Note 6) DS7545X 0 +70 °C 


DS75450 *Derate cavity package 8.7 mW/°C above 25°C; derate molded package 
Output Current (Note 6) 9.7 mW/°C above 25°C. 
DS55451/DS75451, DS55452/DS75452, tDerate cavity package 7.3 mW/°C above 25°C; derate molded package 


DS55453/DS75453, DS55454/DS75454 7.7 mW/°C above 25°C; derate TO-5 package 5.1 mW/°C above 25°C; 
: derate SO package 7.56 mW/°C above 25°C. 


See App Note AN-336 for further information on Understanding Package 
Power Dissipation. 


Connection Diagrams (Dual-In-Line and Metal Can Packages) (Continued) . 


TL/F/5824-6 TL/F/5824-7 TL/F/5824-8 TL/F/5824-9 
Top View Top View Top View Top View 
(Pin 4 is in Electrical Contact with the Case) 
Order Number Order Number Order Number Order Number 
DS55451H or DS75451H DS55452H or DS75452H DS55453H or DS75453H DS55454H or DS75454H 
See NS Package Number HO8C 


Electrical Characteristics 0s75450 (Notes 8 and 9) 


Symbol Conditions [Min| Typ| Max |Units 
TTLGATES 

(Figure 1) ees 

Low Level input Voltage |(Figuroz) | Tf 

Voo = Min, | = —12mA, (Figure 3) ae ee 

High Level Output Vottage|Voc = Min, Vi, = 0.8V,loy = —400 A, (Figuez) [2a] 3.3] 

Low Level Output Voltage |Voc = Min Vin = 2V.lo. = 16mA(Figwet) | [0.22 0 | 


Input Current at Maximum | Vcc = Max, V; = 5.5V, (Figure 4) 
Input Voltage 
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Electrical Characteristics ps75450 (Notes 8 and 9) (Continued) 


Symbot] Parameter | ——————Coneltions——~—~SCS~SC«S Mn |Tv | Ma 


TTL GATES (Continued) 


High Level Input Current| Vcc = Max, V| = 2.4V, (Figure 4) 
Low Level Input Current | Vcc = Max, V; = 0.4V, (Figure 3) 


Short Circuit Voc = Max, (Figure 5), (Note 10) 
Output Current 


Supply Current Voc = Max, Vj = OV, Outputs High, (Figure 6) 
Supply Current Voc = Max, V; = 5V, Outputs Low, (Figure 6) 


OUTPUT TRANSISTORS 


VBR)cBO| Collector-Base Io = 100 pA, Ip = OpA 
Breakdown Voltage 


V(BR)CER | Collector-Emitter Io = 100 pA, Rag = 5009 
Breakdown Voltage 

V(BR)EBO | Emitter-Base le = 100 pA, lo = OpA 
Breakdown Voltage 


Static Forward Current |Vcg = 3V, (Note 11) 
Transfer Ratio 
Ta = 0° 


Base-Emitter Voltage |(Note 11) Ip = 10 mA, Io = 100 mA 

Ig = 30 mA, Io = 300 mA 

VcE(SaT) | Collector-Emitter (Note 11) Ip = 10 mA, lc = 100 mA 
Saturation Voltage Ig = 30 mA, Io = 300 mA 


Electrical Characteristics (Continued) 
DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Notes 8 and 9) 


(Figure 7) 
errr 
[Input Clamp Voltage | Voc = Min, = —12 mA Po 


Low-Level Output Voltage | Voc = Min, | Vy. = 0.8V | Io. = 100mA | Ds55451,Ds55453| | 0.25] 0.5 | 
Carey ps75451,0875453| [0.25] 0.4 | 
lo. = 300ma | DS55451,Ds55453| | 0.5 | 0.8 | 


ros7sasi,0s75a53| | 05 | 07 _ 

Viw= 2V | lo. = 100ma | pss5452,psss454| | 0.25] 0.5 | 
ean Soe ee rere 

lo. = 900mA | Dsss452,Ds55454| | 0.5 | 0.8 | 
el eee 


High-Level Output Current | Voc = Min, | VoH = 30V | Viq = 2V ps55451,0s55453| | | 300 | 
(Figure 7) DS75451, DS75453 | | | too | BA 


bSPSLSG/ESPSLSA/2SbSZSG/1SbSZSG/0SPS2SG/PSbSSSd/ESPSSSG/2ShSSSd/1lSrsSssd 





Vii=osv [psssas,psss4s4]_| | 300 |_ HA 
}os75452,ps75454| || 100 | HA 


Input Current at Maximum | Voc = Max, V; = 5.5V, (Figure 9) 1 
Input Voltage 
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Electrical Characteristics (continued) 
DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Notes 8 and 9) (Continued) 


Parameter, | Coniitions, | Min | 
[High-Level Input Current [Voc = MaxVi=24V, (Figures) | 
[Low-LevelinputCurrent [Voc = Max i= 04V, (Figures) | 
Supply Current, Outputs High | Voc = Max, lVi=sv.  ————=s ss54s1/ps7s4s1] | 

Powel) \ww=ov | osssasavos7sas2| | 

Viesv | Dsss45a/0875453| 

lvi=ov | bsssasa/ps75454| 

Supply Current, Outputs Low | Vcc = Max, IVi=ov Ss 8545175451] | 
Powe!) \y=sv | Dsssasavos7sas2| | 

izov (| bsssasavos7sasa| | 54 | 68 

lvi=sv [ Dsssasaos75a54| | 61 | 79 | 


Typ | Max | 
|| 40 
a at 
Eee) sit 
52 | 65 | 
[56 | 71 


Switching Characteristics ps75450 (Vcc = 5V, Ta = 25°C) 


Parameter 


Propagation Delay Time, CL =15pF | R, = 4000, TTL Gates, (Figure 12) ae EE 


Low-to-High Level Output RL = 502, Io = 200 mA, Gates and 
Transistors Combined, (Figure 14) 


Propagation Delay Time, CL = 15pF | Ry = 4000, TTL Gates, (Figure 12) 


High-to-Low Level Output Ri = 500, Io = 200 mA, Gates and 
Transistors Combined, (Figure 714) 


Transition Time, Low-to-High | C, = 15 pF, R_ = 50, Ic ~ 200 mA, Gates and 
Level Output Transistors Combined, (Figure 14) 
Transition Time, High-to-Low | C, = 15 pF, Ry = 509, Io ~ 200 mA, Gates and 
Level Output Transistors Combined, (Figure 14) 
High-Level Output Voltage Vs = 20V, Io ~ 300 mA, Ree = 5000, (Figure 15) 
after Switching 
Delay Time I¢ = 200 mA, Ip(1) = 20 mA, 
: , Ip = —40 mA, VBe(oFF) = —1V, 
Cote ee 
(Figure 13), (Note 12) 
Full Time 


Switching Characteristics (continued) 
DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Vocg = 5V, Ta = 25°C) 


[Parameter | Conditions «| win_—| Typ | Max] Units 


Propagation Delay Time, Low-to-High | CL = 15pF,R, = 509, | DS55451/Ds75451| —s_|_ 18 | 25 | 
Level Output lo © 200 mA, (Figure 14) Tsssase/Ds75452| (| 26 | 38 | 
pss5453/DS75453{ | 18 | 25 | 
ps55454/Ds75454[ | a7 | 36 | 
Propagation Delay Time, High-to-Low | C, = 15 pF, R, = 500, DS55451/DS75451 | | 18 | 5 | 
Level Output lo = 200 mA, (Figure 14) | yg55459/pS75452 | | 2a | 38 | 
ps55453/DS75453| ss | (16 | 25 | 
ps55454/Ds75454| | _ 24 | 35 | 


Transition Time, Low-to-High Level CL = 15pF, RL = 509, Io = 200mA, 
Output (Figure 14) 
Transition Time, High-to-Low Level CL = 15 pF, R, = 509, Io = 200 mA, 7 12 
Output (Figure 14) 
High-Level Output Voltage after Vs = 20V, Ilo ~ 300 mA, (Figure 15) 

Mts Vs — 6.5 
Switching 

3-44 





Switching Characteristics (continued) 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 
Note 3: The voltage between two emitters of a multiple-emitter transistor. 

Note 4: Value applies when the base-emitter resistance (Rge) is equal to or less than 500. 

Note 5: The maximum voltage which should be applied to any output when it is in the “OFF” state. 


Note 6: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time interval must fall within 
the continuous dissipation rating. 


Note 7: For the DS75450 only, the substrate (pin 8) must always be at the most-negative device voltage for proper operation. 


Note 8: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS55450 series and across the 0°C to +70°C 
range for the DS75450 series. All typicals are given for Vog = +5V and Ta = 25°C. 


Note 9: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 10: Only one output at a time should be shorted. 
Note 11: These parameters must be measured using pulse techniques. tw = 300 ps, duty cycle < 2%. 
Note 12: Applies to output transistors only. 


Truth Tables i = high level, L = low level) 
DS55451/DS75451 DS55453/DS75453 


L (ON State) L (ON State) 

L (ON State) _H (OFF State) 
L (ON State) H (OFF State) 
H (OFF State) H (OFF State) 


'H (OFF State) H (OFF State) 
H (OFF State) L (ON State) 
H (OFF State) L (ON State) 
L (ON State) L (ON State) 


Schematic Diagrams 
DS75450 


Resistor values shown are nominal. TL/F/5824-11 


DS55452/DS75452 


Resistor values shown are nominal. TL/F/5824-10 


Resistor values shown are nominal. TL/F/5824-12 
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DS55451/DS55452/DS55453/DS55454/DS75450/DS75451/DS75452/DS75453/DS75454 


Schematic Diagrams (Continued) 
DS55453/DS75453 DS55454/DS75454 


Resistor values shown are nominal. TULF (5624-13 Resistor values shown are nominal. TL/F/5824-14 


oe 


DC Test Circuits 


TL/F/5824—15 


Both inputs are tested simultaneously. 
FIGURE 1. Vin, VoL Each input is tested separately. Each input is tested separately. 
FIGURE 2. Vi, Von FIGURE 3. Vj, lit 


ae T 


TL/F/5824-16 TL/F/5824-17 


TL/F/5824~18 TL/F/5824-19 
Each input is tested separately. Each input is tested separately. 


FIGURE 4. |), tiy FIGURE 5. los 


TL/F/5824-20 
Both gates are tested simultaneously. 


FIGURE 6. Iccu, lecL 


osss451 | vi | Vin | Von | lon | 
‘er DS55452 
| 
joseeess | iy Get Mo {tos 

TL/F/5824-21 DS55454 VoL 
| Mu | vu | vou | ton _| 





FIGURE 7. Vin; Vits lon, Vor 
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DC Test Circuits (Continued) 


CIRCUIT 


CIRCUIT 


Note A: Each input is tested separately. ge 


Note B: When testing DS55453/0S75453, 
DS55454/DS75454, input not 
under test is grounded. = 


For all other circuits it is at 4.5V. . : 
TL/F/5824-22 Each input is tested separately. TL/F/5824-23 


FIGURE 8. Vj, Vit FIGURE 9. |, tin 


Vee OPEN Veo OPEN 


Both gates are tested simultaneously. = TL/F/5824-24 Both gates are tested simultaneously. - TL/F/5824-25 
FIGURE 10. Iocu, Iec for AND, NAND Circuits FIGURE 11. Iocu, Ic for OR, NOR Circuits 


AC Test Circuits and Switching Time Waveforms 


INPUT 2.4V Veo OUTPUT 6V 
O O 


R, = 400 
*All diodes are 1N3084 
PULSE 


GENERATOR 
(NOTE 1) 


TL/F/5824-26 


QUTPUT 


TL/F/5824~-27 
Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zoyr ~ 502. 
Note 2: C, includes probe and jig capacitance. 


FIGURE 12. Propagation Delay Times, Each Gate (DS75450 Only) 
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bSPSLSG/ESPSZSG/2SPSZSG/1LSPSZSG/0SPSZS0/PSbSSSG/ESpSSSd/2SpSsSd/1sPsssa 


DS55451/DS55452/DS55453/DS55454/DS75450/DS75451/DS75452/DS75453/DS75454 


PULSE 
GENERATOR 
{NOTE 1) 


OUTPUT 


C, = 15 pF 
(NOTE 2) 


TL/F/5824-28 


TL/F/5824-29 


Note 1: The pulse generator has the following characteristics: duty cycle < 1%, Zoyt ~ 50. 


Note 2: C, includes probe and jig capacitance. 


FIGURE 13. Switching Times, Each Transistor (DS75450 Only) 


PULSE 
GENERATOR 
(NOTE 4) 


0.aV 
Note 1: The pulse generator has the following characteristics: PRR = 1.0 MHz, Zoyt ~ 502. 


Note 2: C, includes probe and jig capacitance. 


2.4V vov 


DS75450 
DS55451 
0855452 


CIRCUIT 
UNDER : 
TEST 
(NOTE 3) 
C, = 15 pF 


(NOTE 2) 


DS55453 
DS55454 


TL/F/5824-30 


Note 3: When testing DS75450, connect output V to transistor base and ground the substrate terminal. 


INPUT 
0S75450  15y 
DS55451 
0S55453 


INPUT 
0S55452 
0S55454 

10% 


OUTPUT 


TL/F/5824-31 


FIGURE 14. Switching Times of Complete Drivers 
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AC Test Circuits and Switching Time Waveforms (continueq) 


Vv, = 20V 
O 


0S75450 
0S55451 
OS55452 


PULSE 
GENERATOR CIRCUIT 
(NOTE 1} UNDER 
TEST 
{NOTE 2) 
C, = 15 pF 
(NOTE 3) 


0S55453 
0S55454 


TL/F/5824-32 


7 atin 


OS75450 «1.5V 1.5V 
DS55451 
DS55452 


Vou 
OUTPUT 
———— V 


OL 
Note 1: The pulse generator has the following characteristics: PRR = 12.5 kHz, Zoyt ~ 509. TL/F/5824-33 
Note 2: When testing DS75450, connect output V to transistor base with a 6002 resistor from there to ground and ground the substrate terminal. 


Note 3: C, includes probe and jig capacitance. 
FIGURE 15. Latch-UP Test of Complete Drivers 


vSPSZSQ/ESPSLZSG/2SPSZSG/1SpS2SG/0SPSZSG/PSbSSSG/ESPSSSC/2SPSSSd/LSPsssa 


Typical Performance Characteristics 


4.0 





ve= av} TIT tT | 
Nore a! menilll Ta= +70°C 
|_| 


pe 
Ta= +25°C 
Soe = 


Veco = SV 
Vit= 0.8V 
Ta= 26°C 
(FIGURE 2) 


Sg 
OL i 
Fal a i 


HIGH-LEVEL OUTPUT CURRENT (mA) 


HIGH-LEVEL OUTPUT VOLTAGE {V) 





40 70100 200 
COLLECTOR CURRENT (mA) 


STATIC FORWARD CURRENT TRANSFER RATIO (hee) 


TL/F/5824~34 TL/F/5824-35 
FIGURE 16. DS75450 TTL Gate High-Level Output FIGURE 17. DS75450 Transistor Static Forward Current 
Voltage vs High-Level Output Current Transfer Ratio vs Collector Current 
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DS55451/DS55452/DS55453/DS55454/DS75450/DS75451/DS75452/DS75453/DS75454 


BASE-EMITTER VOLTAGE (V) 
COLLECTOR-EMITTER SATURATION VOLTAGE (V) 


200 200 
COLLECTOR CURRENT {mA) COLLECTOR CURRENT (mA) 
TL/F/5824-36 TL/F/5824-37 
FIGURE 18. DS75450 Transistor Base-Emitter FIGURE 19. Transistor Collector-Emitter Saturation 
Voltage vs Collector Current Voltage vs Collector Current 


Typical Applications 


Y=G+a1-A2+Al- A2 


FIGURE 20. Gated Comparator 


TL/F/5824~38 


TL/F/5824-39 
FIGURE 21. 500 mA Sink 
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Typical Applications (continued) 


+¥10 O OUT-OF-PHASE OUTPUT 






O IN-PHASE OUTPUT 
INPUT © 
+5V0 


a yen = 
This side can perform the same or another function. TL/F/5824-40 


FIGURE 22. Floating Switch 


O OUTPUT a 


0S75450 


© OUTPUT 0 


TL/F/5824-41 





SOURCE 
CONTROL 







45V0 


DIOOE ARRAY 







SOURCE 


| 
| 
| 
I 
! 
J 
| CURRENT 


SINK 
CONTROL 






Source and sink controls are activated by 
high-level input voltages (Vi}y = 2V). 


TL/F/5824-42 


FIGURE 24. Core Memory Driver 
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pSbSZSQ/€SPSLS0/2SPS2ZSG/LSbSZSG/0SPSZS/PShSSSd/ESbSSSa/2SpSSSd/lSPsssa 


DS55451/DS55452/DS55453/DS55454/DS75450/DS75451/DS75452/DS75453/DS75454 


Typical Applications (continued) 


+6V 0 


O OUTPUT A 


-10V OR NEGATIVE 
SUPPLY OR MOS CIRCUIT 


STROBE 
O OUTPUT B 


INPUT BO 
Tk 
1N759 uv 


FIGURE 25. Dual TTL-to-MOS Driver 


TL/F/5824-43 


OQUTPUTA 


—10V OR NEGATIVE 
SUPPLY OF MOS CIRCUIT 


O OUTPUT B 


TL/F/5824~44 
FIGURE 26. Dual MOS-to-TTL Driver 


Termination is made at the receiving end as follows: 
TWISTED Line 1 is terminated to ground through Z9/Z; 
PAIR Line 2 is terminated to +5V through Zo/Z; 


0S75450 : nee 
LINE where Zo is the line impedance. 


TL/F/5824~45 
FIGURE 27. Balanced Line Driver 
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Typical Applications (continued) 


"Optional keep-alive resistors maintain off-state 
lamp current at ~ 10% to reduce surge current. 


TL/F/5824~46 
FIGURE 28. Dual Lamp or Relay Driver 


GO/NO-GO INDICATORS 
MOS CLOCK DRIVERS 
BIPOLAR RELAYS 


| COMPLEMENTARY OUTPUTS FOR: 


TL/F/5824-47 
FIGURE 29. Complementary Driver 
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vSPSZSG/ESPSZSG/2SPSZSG/1SPSZSG/0SPSZS0/PSPSSSG/ESPSSSG/cSPSSSG/1LSPSssda 


DS55451/DS55452/DS55453/DS55454/DS75450/DS75451/DS75452/DS75453/DS75454 


*The two input resistors must be adjusted for the level of MOS input. 
FIGURE 31. MOS Negative Logic-Level Detector 


FIGURE 32. Logic Signal Comparator 
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TL/F/5824-48 


TL/F/5824-49 


TL/F/5824-50 





Typical Applications (Continue) 


SIGNALS FROM 
PEAK DETECTORS 


*If inputs are unused, they should be connected to + 5V through a 1k resistor. TL/F/5824~-51 


OUTPUT 


L 
Low output occurs only when inputs are low simultaneously. TL/F/5824-52 


FIGURE 33. In-Phase Detector 


Y2=¥1,C=(A+B)C 
Y2=Y1i+C=AB+C 


TL/F/5824-53 
FIGURE 34. Multifunction Logic-Signal Comparator 
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PSPSZSG/ESPSZSA/2SPSZSG/1SbSZSG/0SPSZSG/PSPSSSG/ESPSSSG/cSPSSSG/1LSPSSSa 





DS55451/DS55452/DS55453/DS55454/DS75450/DS75451/DS75452/DS75453/DS75454 


Typical Applications (continueg) 


FROM ALARM 
TRANSOUCERS 


FROM ALARM 
TRANSDUCERS 


FIGURE 35. Alarm Detector 


TL/F/5824-54 





ZA National 


Semiconductor 


DS55461/2/3/4, DS75461/2/3/4 
Series Dual Peripheral Drivers 


General Description 


The DS55461/2/3/4 series of dual peripheral drivers are 
functionally interchangeable with DS55451/2/3/4 series 
peripheral drivers, but are designed for use in systems that 
require higher breakdown voltages at the expense of slightly 
slower switching speeds. Typical applications include power 
drivers, logic buffers, lamp drivers, relay drivers, MOS driv- 
ers, line drivers and memory drivers. 

The DS55461/DS75461, DS55462/DS75462, DS55463/ 
DS75463 and DS55464/DS75464 are dual peripheral AND, 
NAND, OR and NOR drivers, respectively, (positive logic) 
with the output of the logic gates internally connected to the 
bases of the NPN output transistors. 


Features 

™ 300 mA output current capability 

@ High voltage outputs 

m No output latch-up at 30V 

m Medium speed switching 

m@ Circuit flexibility for varied applications and choice of 
logic function 

@ TTL compatible diode-clamped inputs 

m Standard supply voltages 


Connection Diagrams (Dual-In-Line and Metal Can Packages) 


Vee B2 A2 Y2 Vee B2 A2 Y2 


GND BI v1 GND 
TL/F/5825-1 TL/F/5825-2 
Top View Top View 
Order NumberDS55461J-8, Order NumberDS55462J-8, 
DS75461J-8 or DS75461N DS75462J-8 or DS75462N 


B1 v1 


Voc B2 


B1 v1 GNO BI ‘1 
TL/F/5825-3 
Top View 
Order NumberDS55463J-8, 
DS75463J-8 or DS75463N 


TL/F/5825-4 
Top View 
Order NumberDS55464J-8, 
DS75464J-8 or DS75464N 


See NS Package Numbers JO8A or NO8E 


TL/F/5825-6 
Top View 
Pin 4 is in electrical contact 
with the case. 
Order Number 
DS55462H or DS75462H 


TL/F/5825-5 
Top View 
Pin 4 is in electrical contact 
with the case. 
Order Number 
DS55461H or DS75461H 


TL/F/5825-7 
Top View 
Pin 4 is in electrical contact 
with the case. 
Order Number 
DS55463H or DS75463H 


TL/F/5825~8 
Top View 
Pin 4 is in electrical contact 
with the case. 
Order Number 
DS55464H or DS75464H 


See NS Package Number H08C 
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v9pSZSQ/E9PSZS0/29PSZSG/L9bSZSC/P9bSSSG/E9rSSS/29rSSSd/1l9Psssa 





DS55461/DS55462/DS55463/DS55464/DS75461/DS75462/DS75463/DS75464 


Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, Storage Temperature Range —-65°C to + 150°C 
please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) ' 960°C 


Office/Distributors for availability and specifications. 
Supply Voltage (Note 2) 7V Operating Conditions 


Input Voltage - §.5V Min Units 


Inter-emitter Voltage (Note 3) 5.5V Supply Voltage (Vcc. 


Output Voltage (Note 4) eecppee - 4 75 
DS55461/DS75461, DS55462/DS75462, 35V ; 
DS55463/DS75463, DS55464/DS75464 Temperature (Ta) 


Output Current (Note 5) cy a : 
DS55461/DS75461, DS55462/DS75462, 300 mA ‘ 
DS55463/DS75463, DS55464/DS75464 


Maximum Power Dissipation* at 25°C 
Cavity Package 1090 mW 
Molded Package 957 mW 
TO-5 Package ; - 760 mW 


“Derate cavity package 7.3 mW/°C above 25°C; derate molded package 7.7 
mW/°C above 25°C; derate TO-5 package 5.1 mW/°C above 25°C. 


Electrical Characteristics 
DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 (Notes 6 and 7) 


Symbol] _ Parameter 
Vi 
Vin 
vi 


VoL Low Level Output Voltage 


+ 
< 
ao) 


a 


lo. = 100 mA 


DS55461, Vi_ = 0.8V 

lo. = 300 mA 
lo. = 100 mA 
lo 


DS55462, Vin = 2V 
L = 300 mA 
p$55463, V;_ = 0.8v LoL = 100 mA 
lo. = 300 mA 
DS55464, Viyq = av LoL = 100 mA 
Voc = Min, (Figure 1) lo. = 300 mA 
DS75461, Vi, = 0.ev Lok = 100 mA 
lo. = 300 mA 
DS75462, Viyq = 2V LOL = 100 mA 
: | lo. = 300mA 
DS75463, Vy, = o.ev [OL = 100 mA 
lo. = 300 mA 
DS75464, Vj = av LoL = 100 mA 
lo. = 300 mA 


DS55461, 
DS55463 


DS75461, 
DS75463 


DS55462, 
DS55464 


DS75462, 
DS75464 


<j;<(<[<f<cJ<f<f<cy<ey<yey<syejy<cjcycycy< 


° 2 ele 
ar — — 10 
N o N [| O 


High Level Output Current 


Voc = Min, Vou = 35V, 


(Figure 1) 


zs |g ° o|olo|olo 
Oo N N JR IN [® TN 
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Electrical Characteristics 
DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 (Notes 6 and 7) (Continued) 


Parameter Conditions 


Input Current at Maximum | Voc = Max, V; = 5.5V, (Figure 3) 
Input Voltage 


High Level Input Current Voc = Max, V; = 2.4V, (Figure 3) 
Low Level Input Current Voc = Max, V; = 0.4V, (Figure 2) 


Supply Current DS55461/ 
= DS75461, 4 
DS55463/ 
Voc = Max, Outputs BS iases 
High, (Figures 4 and 5) DS55462/ 43 47 
= DS75462 
DS55464/ . 
Supply Current DS55461/ 76 
os, DS75461 
63 76 
Voc = Max, Outputs DSyones 
Low, (Figures 4 and 5) DS55462/ 6 
7 DS75462 
DS55464/ 72 
DS75464 


DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 Voc = 5V, Ta = 25°C 


Conditions [min | typ | Max | units 


Propagation Delay Time, _| DS55461/ 


Low-To-High Level Output DS75461, 
DS55463/ 


lo ~ 200 mA, C, = 15 pF, Ry = 500, peieies 

(Figure 6) DS55462/ 
DS75462, 
DS55464/ 
DS75464 


Propagation Delay Time DS55461/ 
High-To-Low Level Output DS75461, 
DS55463/ 


lo = 200 mA, CL = 15 pF, Ri = 500, DS75463 

(eure?) DS55462/ 
DS75462, 
DS55464/ 
DS75464 


Switching Characteristics 


p9PSLSG/E9PSZSG/29PSZSG/1 9PSZSG/P9PSSSC/E9bSSSG/Z9PSSSG/19PSsSSa 
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DS55461/DS55462/DS55463/DS55464/DS75461/DS75462/DS75463/DS75464 


Switching Characteristics 
DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 Voc = 5V, Ta = 25°C (Continued) 


Transition Time, Low-To- DS55461/ 20 
High Level Output DS75461 
| DS55462/ (3 
lo = 200 mA, CL = 15 pF, Rr = 500, DS75462 
(Figure 6) DS55463/ : 
DS75463 2 
DS55464/ 42 
DS75464 
Transition Time, High-To- DS55461/ 10 
Low Level Output DS75461 


DS55462/ 
lo = = 200 mA, C, = 15 pF, R_ = 500, DSietee, 15 20 |. 
(Figure 6) DS55464/ 
7 DS75464 
DS55463/ 
DS75463 
High-Level Output Voltage | Vs = 30V, lp ~ 300 mA, (Figure 7) 
ieee Vs —10 
After Switching 


Note 1: ‘‘Absoulte Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 


Note 3: This is the voltage between two emitters of a multiple-emitter transistor. 
Note 4: This is the maximum voltage which shoud be applied to any output when it is in the “OFF” state. 


Note 5: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time interval must fall within 
the continuous dissipation rating. 

Note 6: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS44XXxX series and across the 0°C to + 70°C 
range for the DS75XXX series. All typicals are given for Voc = +5V and Ta = 25°C. 

Note 7: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othewise noted. All values shown as 
max or min on absolute value basis. 
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Schematic Diagrams 


Resistor values shown are nominal. 


DS55461/DS75461 
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TL/F/5825-10 


TL/F/5825-11 





y9PSZSG/E9PSZSG/29bSZSG/19PSZSA/P9PSSSG/E9bSSSG/29FSSSC/19PSSSa 


DS55461/DS55462/DS55463/DS55464/DS75461/DS75462/DS75463/DS75464 


Schematic Diagrams (continued) 


DS55464/DS75464 


Resistor values shown are nominal. 


Truth Tables (H = high tevel, L = low level) 


DS55461/DS75461 DS55462/DS75462 


H (OFF State) 
H (OFF State) 
H (OFF State) 

L (ON State) 


L (ON State) 
L (ON State) 
L (ON State) 
H (OFF State) 


CIRCUIT 
UNDER 
TEST 


TL/F/5825-13 


DS55461 
DS55462 
DS55463 


DS55464 


Each input is tested separately. ; 
FIGURE 1. Vin, Vis lou, Voi 


TL/F/5825-12 


DS55463/DS75463 DS55464/DS75464 


L (ON State) 
H (OFF State) 
H (OFF State) 
H (OFF State) 


H (OFF State) 
L (ON State) 
L (ON State) 
L (ON State) 


CIRCUIT 
UNDER 
TEST 


TL/F/5825~-14 
Note 1: Each input is tested separately. 


Note 2: When testing DS55463/DS75463 and DS75464, input not under 
test is grounded. For all other circuits it is at 4.5V. 


FIGURE 2. Vj, lit 


Voc 


CIRCUIT 
UNDER 
TEST 


TL/F/5825-15 


Each input is tested separately. 


FIGURE 3. I), hy 





DC Test Circuits (Continued) 


TL/F/5825-16 7? TL/F/5825-17 


Both gates are tested simultaneously. Both gates are tested simultaneously. 


FIGURE 4. Iccu, loc. for AND, NAND Circuits FIGURE 5. Iccu; Ico. for OR, NOR Circuits 


Switching Characteristics 


INPUT 24V 
Ad 


0855461 
DS55462 


PULSE 
GENERATOR CIRCUIT 
(NOTE 1) UNDER 
TEST 
CL =15 pF 
(NOTE 2) 


DS55463 
D0S55464 


TL/F/5825-18 
Note 1: The pulse generator has the following characteristics: 
PRR = 1 MHz, Zoyt = 5020. 
Note 2: C, Includes probe and jig capacitance. 


v9PSLSG/E9PSZSG/729PSZSG/1L9PSZSG/P9FSSSG/E9PSSSG/29PSSSd/l9Psssa 


INPUT 
osss4e1 SV 
DS55463 





INPUT 
DS55462 
0555464 

10% 





OUTPUT 


TL/F/5825-19 
FIGURE 6. Switching Times of Complete Drivers 
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DS55461/DS55462/DS55463/DS55464/DS75461/DS75462/DS75463/DS75464 


Switching Characteristics (continued) 


24V 


1N3064 


0$55451 
0$55452 


PULSE 
GENERATOR CIRCUIT 


(NOTE 1) UNDER 
TEST 
(NOTE 2) 
C, = 15 pF 
(NOTE 2) 


0S55453 
DS55454 


i. 


GND j 5u8 


TL/F/5825~-20 


DS55461 
DS55463 


INPUT 
DS55462 
0S55464 


QUTPUT 
Vor 
TL/F/5825-21 
Note 1: The pulse generator has the following characteristics: 
PRR = 1.25 kHz, Zoyt = 50. 
Note 2: C; includes probe and jig capacitance. 


FIGURE 7. Latch-Up Test of Complete Drivers 





3-64 


ZANational 


Semiconductor 


DS2001/DS9665/DS2002/DS9666 
DS2003/DS9667/DS2004/DS9668 
High Current/Voltage Darlington Drivers 


General Description 

The DS2001/DS9665/DS2002/DS9666/DS2003/DS9667 
DS2004/DS9668 are comprised of seven high voltage, high 
current NPN Darlington transistor pairs. All units feature 
common emitter, open collector outputs. To maximize their 
effectiveness, these units contain suppression diodes for 
inductive loads and appropriate emitter base resistors for 
leakage. 

The DS2001/DS9665 is a general purpose array which may 
be used with DTL, TTL, PMOS, CMOS, etc. Input current 
limiting is done by connecting an appropriate discrete resis- 
tor to each input. 

The DS2002/DS9666 version does away with the need for 
any external discrete resistors, since each unit has a resis- 
tor and a Zener diode in series with the input. The DS2002/ 
DS9666 was specifically designed for direct interface from 
PMOS logic (operating at supply voltages from 14V to 25V) 
to solenoids or relays. 

The DS2003/DS9667 has a series base resistor to each 
Darlington pair, thus allowing operation directly with TTL or 
CMOS operating at supply voltages of 5.0V. 


Connection Diagram 


The DS2004/DS9668 has an appropriate input resistor to 
allow direct operation from CMOS or PMOS outputs operat- 
ing from supply voltages of 6.0V to 15V. 

The DS2001/DS9665/DS2002/DS9666/DS2003/DS9667 
DS2004/DS9668 offer solutions to a great many interface 
needs, including solenoids, relays, lamps, small motors, and 
LEDs. Applications requiring sink currents beyond the capa- 
bility of a single output may be accommodated by parallel- 
ing the outputs. 


Features 

g Seven high gain Darlington pairs 

@ High output voltage (Vce = 50V) 

@ High output current (lc = 350 mA) 

mg DTL, TTL, PMOS, CMOS compatible 
m Suppression diodes for inductive loads 
m Extended temperature range 


16-Lead DIP 


TL/F/9647-1 


Top View 


Order Number DS2001CN, DS9665CN, DS2002CN, DS9E66ECN, 
DS2003CN, DS9667CN or DS2004CN, DS9668CN 
See NS Package Number N16A 


Order Number DS2001CJ, DS2001MJ, DS9665CJ, DS9665MJ, DS2002CJ, DS2002MJ, DS96E6CU, 
DS9666MUJ, DS2003CJ, DS2003MU, DS9667CJ, DS9667MJ or DS2004CJ, DS2004Mu, DS9668CU, DS9GEBMU 
See NS Package Number J16A 
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8996S0/7002Sd/2996SG/£002SG/9996S0/2002Sd/S996Sd/1002SG 


DS2001/DS9665/DS2002/DS9666/DS2003/DS9667/DS2004/DS9668 


Absolute Maximum Ratings (note 1) 

lf Military/Aerospace specified devices are required, Lead Temperature 

please contact the National Semiconductor Sales Ceramic DIP (Soldering, 60 seconds) ca 300°C 
Office/Distributors for availability and specifications. Molded DIP (Soldering, 10 seconds) 265°C 


Storage Temperature Range Maximum Power Dissipation* at 25°C 
Ceramic DIP —65°C to + 175°C Cavity Package 2016 mW 
Molded DIP —65°C to + 150°C . Molded Package 1838 mW 
Operating Temperature Range *Derate cavity package 16.13 mW/°C above 25°C; derate molded DIP pack- 
DS2001M/DS9665M -55°C to + 125°C 205 Tat NCE chorea 
DS2002M/DS9666M ~55°C to + 125°C Input Voltage 30V 
DS2003M/DS9667M ~—55°C to + 125°C Output Voltage 55V 
DS2004M/DS9668M —~55°C to + 125°C Emitter-Base Voltage 6.0V 


DS2001C/DS9665C O°C to + 70°C Continuous Collector Current 500 mA 
DS2002C/DS9666C | O'S to +70°C ST ee ea oa 
DS2003C/DS9667C OC 9.700...” VOntnuRte Rass vilien m 
DS2004C/DS9668C 0°C to + 70°C 


Electrical Characteristics 1, = 25°C, unless otherwise specified (Note 2) 
Symbol | Parameter | = SCCoondiitions, = SSSs|s Min’ | Typ | Max | Units 
= fee ome TT 
Current Voce = 50V (Figure 1a) nA 
| Voce = 50V, Vi = 6.0V (Figure 7b) | DSz0oz/Dse665 | |__| 600 | 
| Voce = 50V, Vi = 1.0V (Figure 1) | Ds2004/psee6s |_| 800 | 
VoE(sat) | Collector-Emitter | Ic = 350mA, Ig = 500 pA (Figurez)(Note3) | | 1.25 | 1.6 
Saturation Voltage | Ig = 200mA,Ig= 350 nA (Figure2) | tet | 1.3 
ig = 100mA, Ig = 250 uA (Fioure2)—~S*~CSC“‘U‘OC* ta 
von) Input Current Vi = 17V (Figure 3) | ps2ooz/psvess | —s- | co.a5 | 1.3 | 
| Vi= 3.86V (Figures) |“ S2003/Ds9667 |__| 0.93 | 1.35 | 
psz004/psse6s |__| 0.35 | 05 | 
| 1.0 | 1.48 | 
I(OFF) Ta = 70°C for Commercial 
(Note 4) Ic = 500 pA (Figure 4) 
Input Voltage | Voce = 2.0V, Io = 300 mA (Figure) | Ds200z/psee6s |_| | 13 
vena Ds2003/Dsee67 |_| | 24 
Voce = 2.0V, Io = 300 mA (Figure 5) 
DS2004/DS9668 


Nee DC Forward Current | Voce = 2.0V, Ico = 350 mA (Figure 2) | DS2001/DS9665 4000 
Transfer Ratio 


Ci___| ImputCapacitance | ts 80 | 
tpuy | Tumm-OnDelay | o5vitoo5Vo 0 | 5.0 | ns 
to. | Tum-OffDelay | O5Vito05Vo | 0 | 50 | ps 


IR Clamp Diode Vr = 50V (Figure 6) pA 
Leakage Current 

Ve Clamp Diode l— = 350 mA (Figure 7) 1.7 2.0 Vv 
Forward Voltage 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: All limits apply to the complete Darlington series except as specified for a single device type. * 


Note 3: Under normal operating conditions these units will sustain 350 mA per output with Voge (Sat) = 1.6V at 70°C with a pulse width of 20 ms and a duty cycle of 
30%. : 


Note 4: The IoFF) current limit guaranteed against partial turn-on of the output. 
Note 5: The Vion) voltage limit guarantees a minimum output sink current per the specified test conditions. 
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Typical Performance Characteristics 


DS2002/DS9666 
Collector Current vs Collector Current vs {nput Current vs 


Saturation Voltage Input Current 
‘400 




















COLLECTOR CURRENT = mA 
COLLECTOR CURRENT = mA 
INPUT CURRENT = mA 


























14 16 18 20 22 24 26 


SATURATION VOLTAGE = V INPUT CURRENT = pA ; INPUT VOLTAGE =~ V 
TL/F/9647-6 


DS2003/DS9667 DS2004/DS9668 Peak Collector Current vs 

Input Current vs Input Current vs Duty Cycle and Number of 

Input Voltage Input Voltage Outputs (Molded Package) 
20 


15 
Done 
a MAX 


- 


























- 


es ieee 





OUTPUTS 
cc CONDUCTING 
SIMULTANEOUSLY 








INPUT CURRENT = mA 
INPUT CURRENT = mA 



































8996SC/002SG/2Z996SG/E002SG/9996SG/2002SG/S996SG/1l00¢Sd 


0 


ALLOWABLE PEAK COLLECTOR CURRENT = mA 


0 
20 30 40 50 60 70 80 90 50 60 70 80 90 10 
INPUT VOLTAGE = V INPUT VOLTAGE = V DUTY CYCLE = % 
TL/F/9647-18 


Peak Collector Current vs 
Duty Cycle and Number of 
Outputs (Ceramic Package) 

















ALLOWABLE PEAK COLLECTOR = mA 


DUTY CYCLE - % 
TL/F/9647-19 





DS2001/DS9665/DS2002/DS9666/DS2003/DS9667/DS2004/DS9668 


Equivalent Circuits 


DS2001 /DS9665 


0S2002/DS9666 


7.0V  10.5ko 


Test Circuits 


OPEN #50V 


TL/F/9647-7 


FIGURE 1a 


FIGURE 3 


TL/F/9647-10 


FIGURE 6 


COMMON DS2003/DS9667 


our 2.7 ko 


TL/F/9647-2 


COMMON DS2004/DS9668 


OUT 
10.5 ka 


TL/F/9647-4 


OPEN #50V 


TL/F/9647-8 
FIGURE 1b 
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FIGURE 4 


TL/F/9647-13 


3-68 


FIGURE 2 
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Safe Operating Areas for 
Peripheral Drivers — 


Peripheral Drivers is a broad definition given to Interface 
Power devices. The devices generally have open-collector 
output transistors that can switch hundreds of milliamps at 
high voltage, and are driven by standard Digital Logic gates. 
They serve many applications such as: Relay Drivers, Print- 
er Hammer Drivers, Lamp Drivers, Bus Drivers, Core Memo- 
ry Drivers, Voltage Level Transistors, and etc. Most IC de- 
vices have a specified maximum load'such as one TTL gate 
can drive ten other TTL gates. Peripheral drivers have many 


varied load situations depending on the application, and re- 


quires the design engineer to interpret the limitations of the 
device vs its application. The major considerations are Peak 
Current, Breakdown Voltage, and Power Dissipation. 


OUTPUT CURRENT AND VOLTAGE CHARACTERISTICS 


Figure 1 shows the circuit of a typical peripheral driver, the 
DS75451. The circuit is equivalent to a TTL gate driving a 
300 mA output transistor. Figure 2 shows the characteristics 
of the. output transistor when it is ON and when it is OFF. 
The output transistor is capable of sinking more than one 
amp of current when it is ON, and is specified ata Vo, = 
0.7V at 300 mA. The output transistor is also specified to 
operate with voltages up to 30V without breaking down, but 


there is more to that as shown by the breakdown voltages 


labeled BVCES, BVCER, and LVCEO. 


Vcc Veco Vee 


OUTPUT Y 


TL/F/5860-1 
FIGURE 1. Typical Peripheral Driver DS75451 


BVCES corresponds to the breakdown voltage when the 
output transistor is held off by the lower output transistor of 
the TTL gate, as would happen if the power supply (Vcc) 
was 5V. BVCER corresponds to the breakdown voltage 
when the output transistor is held off by the 500 resistor, as 
would happen if the power supply (Vcc) was off (OV). 
LVCEO corresponds to the breakdown voltage of the output 
transistor if it could be measured with the base open. 
LVCEO can be measured by exceeding the breakdown volt- 
age BVCES and measuring the voltage at output currents of 
1 to 10 mA on a transistor curve tracer (LVCEO is some- 
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times measured in an Inductive Latch-Up Test). Observe 
that all breakdown voltages converge on LVCEO at high 
currents, and that destructive secondary breakdown voltage 
occurred (shown as dotted line) at high currents and high 
voltage corresponding to exceeding the power dissipation 
of the device. The characteristics of secondary breakdown 
voltage vary with the length of time the condition exists, 
device temperature, voltage, and current.: 


Ic 


OUTPUT ON 


OUTPUT 


SATURATED OUTPUT OFF 


Vou 


TL/F/5860-2 
FIGURE 2, Output Characteristics ON and OFF 


OUTPUT TRANSFER CHARACTERISTICS VS 
INDUCTIVE AND CAPACITIVE LOADS 


Figure 3 shows the switching transfer characteristics super- 
imposed on the DC characteristics of the output transistor 
for an inductive load. Figure 4 shows the switching transfer 
characteristics for a capacitor load. In both cases in these 
examples, the load voltage (Vg) exceeds LVCEO. When the 
output transistor turns .on with an inductive load the initial 
current through the load is 0 mA, and the transfer curve 
switches across to the left (Vo_) and slowly charges the 
inductor. When the output transistor turns off with an induc- 
tive load, the initial current is lo_, which is sustained by the 
inductor and the transistor curve switches across to the 
right (Vg) through a high current and high voltage area 
which exceeds LVCEO and instead of turning off (shown as 
dotted line) the device goes into secondary breakdown. It is 
generally not a good practice to let the output transistor’s 
voltage exceed LVCEO with an inductive load. 


In a similar case with a capacitive load shown in Figure 4, 
the switching transfer characteristics rotate counter-clock- 
wise through the DC characteristics, unlike the inductive 
load which rotated clockwise. Even though the switching 
transfer curve exceeds LVCEO, it didn’t go into secondary 
breakdown. Therefore, it is an acceptable practice to let the 
output transistor voltage exceed LVCEO, but not exceed 
BVCER with a capacitive load. 





TO SECONDARY 
BREAKDOWN 


TL/F/5860-3 
FIGURE 3. Inductive Load Transfer Characteristics 


Ic 


TURN ON 


TL/F/5860-4 
FIGURE 4. Capacitive Load Transfer Characteristics 
Figure 5 shows an acceptable application with an inductive 
load. The load voltage (Vg) is less than LVCEO, and the 
inductive voltage spike caused by the initial inductive cur- 
rent is quenched by a diode connected to Vg. 


VB 
TL/F/5860-5 
FIGURE 5. Inductive Load Transfer Characteristics 
Clamped by Diode 
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Figure 6 shows the switching transfer characteristics of a 
capacitive load which leads to secondary breakdown. This 
condition occurs due to high sustained currents, not break- 
down voltage. In this example, the large capacitor prevent- 
ed the output transistor from switching fast enough through 
the high current and high voltage region; in turn the power 
dissipation of the device was exceeded and the output tran- 
sistor went into secondary breakdown. 


Ic 


TO SECONDARY 
BREAKDOWN 


TL/F/5860-6 
FIGURE 6. Capacitive Load Transfer Characteristics 


Figure 7 shows another method of quenching the inductive 
voltage spike caused by the initial inductive current. This 
method dampens the switching response by the addition of 
Rp and Cp. The values of Rp and Cp are chosen to critically 
dampen the values of Ry and L,; this will limit the output 
voltage to 2 X Vp. 


LL 1 
aX | SS 05 
(RL + Rp) VLLCp 


VB 


TL/F/5860-7 
FIGURE 7. Inductive Load Dampened by Capacitor 
Figure 8 shows a method of reducing high sustaining cur- 
rents in a capacitive load. Rp in series with the capacitor 
(C,) will limit the switching transistor without affecting final 
amplitude of the output voltage, since the IR drop across Rp 
will be zero after the capacitor is charged, 


As an additional warning, beware of parasitic reactance. lf 


.the: driver’s load is located some distance from the driver 


(as an example: on the inclosure panel or through a con- 
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necting cable) there will be additional inductance and ca- 
pacitance which may cause ringing on the driver output 
which will exceed LVCEO or transient current that exceeds 
the sustaining current of the. driver. A 300 mA current 
through a small inductor can cause a good size transient 
voltage, as compared with 20.mA transient current ob- 
served with TTL gates. For no other reason than to reduce 
the noise associated with these transients, it is good prac- 
tice to dampen the driver's output. 


In conclusion, transient voltage associated with inductive 
loads can damage the peripheral driver, and transient cur- 
rents associated with capacitive loads can also damage the 
driver. In some instances the device may not exhibit failure 
with the first switching cycle, but its conditions from ON to 
OFF will worsen after many cycles. In some cases the de- 
vice will recover after the power has been turned off, but its 
long term reliability may have been degraded. 


POWER DISSIPATION 


Power Dissipation is limited by the IC Package Thermal 
Reactance and the external thermal reactance of the envi- 
ronment (PC board, heat sink, circulating air, etc.). Also, the 
power dissipation is limited by the maximum allowable junc- 
tion temperature of the device. There are two contributions 
to the power: the internal bias currents and voltage of the 


device, and the power on the output of the device due to the 
Driver Load. 


POWER LIMITATIONS OF PACKAGE 


Figure 9 shows the equivalent circuit of a typical power de- 
vice in its application. Power is shown equivalent to electri- 
cal current, thermal resistance is shown equivalent to elec- 
trical resistance, the electrical reactance C and L are equiv- 
alent to the capacity to store heat, and the propagation de- 
lay through the medium. There are two mediums of heat 
transfer: conduction through mass and radiant convection. 
Convection is insignificant compared with conduction and 
isn’t shown in the thermal resistance circuits. From the point 
power is generated (device junction) there are three possi- 
ble paths to the ultimate heat sink: 1) through the device 
leads; 2) through the device surface by mechanical connec- 
tion; and 3) through the device surface to ambient air. In all 
cases, the thermal paths are like delay lines and have a 
corresponding propagation delay. The thermal resistance is 
proportional to the length divided by the cross sectional 
area of the material. The Thermal Inductance is proportional 
to the length of the material (copper, molding compound, 
etc.) and inversely proportional to the cross sectional area. 
The thermal capacity is proportional to the volume of the 
material. 


TL/F/5860-8 


FIGURE 8. Capacitive Load with Current Limiting Resistor 
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‘ TL/F/5860~-9 
FIGURE 9. Thermal Reactance from Junction to Ambient 
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TL/F/5860-10 
FIGURE 10. Components of Thermal Reactance 
for a Typical |C Package 


National Semiconductor specifies the thermal resistance 
from device junction through the device leads soldered in a 
small PC board, measured in one cubic foot of still air. Fig- 
ure 11 shows the maximum package power rating for an 8 
pin Molded, an 8 pin Ceramic, 14 pin Molded and a 14 pin 
Ceramic package. The slope of the line corresponds to ther- 
mal resistance (bya = AP/AT). 


POWER DISSIPATION (W) 





AMBIENT TEMPERATURE (°C) 
TL/F/5860-11 
FIGURE 11. Maximum Package Power Rating 


The maximum allowable junction temperature for ceramic 
packages is 175°C; operation above this temperature will 
reduce the reliability and life of the device below an accept- 
able level. At a temperature of 500°C the aluminum metalli- 
zation paths on the die start to melt. The maximum allowa- 
ble junction temperature for a molded device is 150°C, oper- 
ations above this may cause the difference in thermal ex- 
pansion between the molding compound and package lead 
frame to sheer off the wire bonds from the die to the pack- 
age lead. The industry standard for a molded device is 
150°C, but National. further recommends operation below 
135°C if the device in its application will encounter a lot of 
thermal cycling (such as powered on and off over its life). 


The way to determine the maximum allowable power dissi- 
pation from Figure 17, is to project a line from the maximum 
ambient temperature (Ta) of the application vertically 
(shown dotted in Figure 12), until the line intercepts the di- 
agonal line of the package type, and then project a line 
(shown dotted) horizontally until the line intercepts the Pow- 
er Dissipation Axis (Pyyax). 
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POWER DISSIPATION (Ww) 


AMBIENT TEMPERATURE (°C) 
TL/F/5860-12 
FIGURE 12. Maximum Package Rating Copper vs 
Kovar Lead Frame Packages 


Figure 11 shows that 14 pin packages have less thermal 
resistance than 8 pin packages; which should be expected 
since it has more pins to conduct heat and has more sur- 
face area. Something that may not be expected is that the 
Thermal Resistance of the molded devices is comparable to 
the ceramic devices. The reason for the lower thermal re- 
sistance of the molded devices is the Copper lead frame, 
which is a better thermal conductor than the Kovar lead 
frame of the ceramic package. Almost all the peripheral 
drivers made by National Semiconductor are constructed 
with Copper lead frames (refer to dja on the specific devic- 
es data sheet). The difference between the thermal resist- 
ance of Copper and Kovar in a molded package is shown in 
Figure 12. 


Another variance in thermal resistance is the size of the IC 
die. \f the contact area to the lead frame is greater, then the 
thermal resistance from the Die to the Lead Frame is re- 
duced. This is shown in Figure 13. The thermal resistance 
shown in Figure 17 corresponds to die that are 6000 mil2 in 
area. 


THERMAL RESISTANCE (°C/W) 





DIE SIZE (MIL?) 


TL/F/5860-13 
FIGURE 13. Thermal Resistance vs Die Size 


In most applications the prime medium for heat conduction 
is through the device leads to the PC board, but the thermal 
resistance can be significantly improved by cooling air driv- 
en across the surface of the package. The conduction to air 
is limited by a stagnant film of air at the surface of the pack- 
age. The film acts as an additional thermal resistance. The 
thickness of the film is proportional to its resistance. The 
thickness of the film is reduced by the velocity of the air 





€Le-NV 





AN-213 


across the package as shown in Figure 14. In most cases, 
the thermal resistance is reduced 25% to 250 linear feet/ 
min, and 30% at 500 linear feet/min, above 500 linear feet/ 
min the improvement flattens out. 


RELATIVE THERMAL RESISTANCE -(%) 


AIR FLOW (LINEAR FEET/MIN) 
TL/F/5860-14 
FIGURE 14. Thermal Resistance vs Air Velocity 


The thermal resistance can also be improved by connecting 
the package to the PC board copper or by attaching metal 
wings to the package. The improvement by these means is 
outside the control of the IC manufacturer, but is available 
from the manufacturer of the heat sink device. If the IC is 
mounted in a socket rather than soldered to a PC board, the 
thermal resistance through the device leads will worsen. In 
most cases, the thermal resistance is increased by 20%; 
again this is a variable subject to the specific socket type. 


The ‘maximum package rating shown in this note corre- 
sponds to a 90% confidence level that the package will 
have thermal resistance equal to or less than the value 
shown. The thermal resistance varies +5% about the mean 


due to variables in assembly and package material. 


CALCULATIONS OF POWER DISSIPATION 


Most IC devices (such as T2L) operate at power levels well 
below the device package rating, but peripheral drivers can 
easily be used at power levels that exceed the package 
rating unknowingly, if the power dissipation isn’t calculated. 
As an example, the DS3654 Ten Bit Printer Driver could 
dissipate 3 watts (DC and, even more AC), and itis only ina 
0.8 watt package. In this example, the device would be de- 
stroyed in moments, and may even burn a hole in the PC 
board it is mounted on. The DS3654 data sheet indicated 
that the 10 outputs could sink 300 mA with a Vo, of 1 volt, 
but it wasn’t intended that all the outputs would be sinking 
this current at the same time, and if so, not for a long period. 


The use of the DS3654 requires that the power be calculat- 


ed vs the duty cycle of the outputs. 


The DC power dissipation is pretty obvious, but in another 
example, a customer used the DS3686 relay driver to drive 
6.5h inductive load. The DS3687 has an internal clamp net- 
work to quench the inductive back swing at 60V. At 5 Hz the 
device dissipates 2 watts, with transient peaks up to 11 
watts. After 15 minutes of operation, the driver succumbs to 
thermal overload and becomes non-functional. The DS3687 
was intended for telephone relay, which in most applications 
switches 20 times a day. 


Peripheral driver will dissipate peak power levels that greatly 
exceed the average DC power. This is due to the capacity of 
the die and package to consume the transient energy while 
still maintaining the junction temperature at a safe level. 
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This capacity is shown as a capacitor in Figure 9. In the lab 
(under a microscope) a device may be observed to glow 
orange around the parameter of the junction under exces- 
sive peak power without damage to the device. Figure 75 
shows a plot of maximum peak power vs applied time for 
the DS3654, and the same information plotted as energy vs 
applied time. To obtain these curves, the device leakage 
current when it switches off was used to monitor device 
limitation. Note in Figure 78 there is a transition in the curve 
about 10 ps. At this point, the thermal capacity of the die 
has been exceeded. The thermal delay to the next thermal 
capacity (the package) was too long, and limited the peak 
power. These levels are not suggested operating levels, but 
an example of a Penphetal Driver to handle Beale transient 
power. 
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TL/F/5860-15 
FIGURE 15. Peak Power and Energy vs the 
Period of Time the Power was Applied 


To calculate power dissipation, the only information avail- 
able to the design engineer is the parametric limits in the 
device data sheet, and the same information about the load 
reactance. If the calculations indicate the device is within its 
limits of power dissipation, then using those parametric lim- 
its is satisfactory. If the calculation of power dissipation is 
marginal, the parametric limits used in the calculations 
might be worst case at low temperature instead of high tem- 
perature due to a positive temperature coefficient (Tc) of 
resistance. IC resistors and resistors associated with the 
load generally have a positive Tc. On the other hand, diodes 
and transistor emitter base voltages have a negative Tc; 
which may in some circuits negate.the effect of the resistors 
Tc. Peripheral output transistors have a positive Tc associ- 
ated with Vo,; while output Darlington transistors have a 
negative Tc at low currents and may be flat at high currents. 
Figure 16 shows an example of power dissipation vs tem- 
perature; note that the power dissipation at the application’s 
maximum temperature (Ta) was less than the power dissi- 
pation at lower temperatures. Since maximum junction tem- 
perature is the concern of the calculation, then maximum 
ambient temperature power should be used. The junction 
temperature may be determined by projecting a line (shown 
dotted in Figure 76), with.a slope proportional to dja back to 
the horizontal axis (shown as Ty). If the point is below the 
curve then Ty will be less than 150°C. Ty must not exceed 
the maximum junction temperature for that package type. In 
this example, Ty is less than 150°C as required by a molded 
package. To calculate the power vs temperature, it is neces- 
sary to characterize the device parameters vs temperature. 
Unfortunately, this information is not always provided by IC 
manufacturers in the device data sheets. A method to calcu- 





late Icc vs temperature is to measure a device, then normal- 
ize the measurements vs the typical value for Icc in the data 
sheet, then worst case the measurements by adding 30%. 
Thirty percent is normally the worst-case resistor tolerance 
that IC devices are manufactured to. 


DEVICE PACKAGE 
RATING 


POWER DISSAPATION (°C/W) 


TEMPERATURE (°C) 
TL/F/5860-16 
FIGURE 16. IC Power Dissipation vs Temperature 


CALCULATION OF OUTPUT POWER WITH 
AN INDUCTIVE LOAD 


For this example, the device output circuit is similar to the 
DS3654 (10-Bit Printer Solenoid Driver) and the DS3686 
and DS3687 (Telephone Relay Driver) as shown in Figure 
17. Special features of the circuit type are the Darlington 
output transistors Q1 and Q2 and the zener diode from the 
collector of Q1 to the base of Q2. The Darlington output 
requires very little drive from the logic gate driving it and in 
turn dissipates less power when the output is turned ON and 
OFF, than a single saturating transistor output would. The 
zener diode (Dz) quenches the inductive backswing when 
the output is turned OFF. 
Device and Load Characteristics Used for 
Power Calculation 
VoL Output Voltage ON 
Vo Output Clamp Voltage 
VB Load Voltage 30V 
Ri Load Resistance 1200 
LL Load Inductance 5h 
Ton Period ON 100 ms 
Period OFF 100 ms 
Total Period 200 ms 


1.5V 
65V 


= - TL/F/5860-17 
FIGURE 17. Peripheral Driver with Inductive Load 
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Refer to Figure 18 voltage and current waveforms corre- 
sponding to the power dissipation calculated for this exam- 
ple of an inductive load. 


Pon = Average power dissipation in device output 
when device is ON during total period (T) 


Rt 
_ Ve - Vor _ 30 —- Oo 
= aaa = 
=IL(1-e 
237.5 mA (1 — e— 100 ms/41.7 ms) 
215.9 mA 


T Ton e-t/7 dt 
= Vor x te x “281 = [ oe 
Ts ° TON 


Toner) 


T, -T 
= Vou x x 2M -—(1-e av) | 
T Ton 


100 41.7 
= 1.5237. X— J 1-——1- ~100741.7)| 
1 237.5 mA lt 700 "! e ) 
= 110.6 mW 


Average power dissipation in device output when 
device is OFF during total period (T) 


Vo — VB __ 65 — 30 
Ri 1200 


Ip + | 
IR 


IR = = 291.7 mA 


215.9 + 291.7 
291.7 


t ty e-t/7 dt 
Vox 2] + iy [* = — ig] 
T 2 ty 


ty = 41.7 ms en( ) = 201 ms 


POFF 


t a 
Pore = Vo x | (lp + Ip) x si (1 = 6) ) In| 
X 


23.1 41.7 
= Ngai : ae ; eee 
Porr = 65 200 [(e15.0ma 291.7 mA) 34 


(1 — e723.1/41.7) — 291.7 ma] 
Porr = 736 mW 

Po = Average power dissipation in device output 

Po = Pon + Pogfr = 110.6 + 736 = 846.6 mW 
In the above example, driving a 1202 inductive load at 5 Hz, 
the power dissipation exceeded a more simple calculation 
of power dissipation, which would have been: 
Vor (VB — Vou) ,. Ton 

Ri T 

1.5(30 — 1.5) _100ms 

120 200 ms 
An error 460% would have occurred by not including the 
reactive load. The total power dissipation must also include 
other outputs (if the device has more than one output), and 
the power dissipation due to the device power supply cur- 
rents. This is an example where the load will most likely 
exceed the device package rating. If the load is fixed, the 
power can be reduced by changing the period (T) and duty 
rate (Ton/TorFF). 


Po = 


Po = = 182.5 mW 
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OUTPUT VOLTAGE 


OUTPUT CURRENT 


Ip 
TL/F/5860-18 
FIGURE 18. Voltage and Current Waveforms 
Corresponding to Inductive Load 


CALCULATION OF OUTPUT POWER 
WITH AN INCANDESCENT LAMP 


An incandescent lamp is equivalent to a reactive load. The 
reactance is related to the period of time required to heat 
the lamp and the filaments positive temperature coefficient 
of resistance. Figure 19 shows the transient response for a 
typical lamp used on instrument panels, and the equivalent 
electrical model for the lamp. Much like {C packages the 
lamp has a thermal circuit and its associated propagation 
delay. This lamp filament has an 8 ms time constant, and a 
longer 250 ms time constant from the lamp body to ambient. 
The DC characteristics are shown in Figure 20. Note the 
knee in the characteristics at 2 volts; this is where power 
starts to be dissipated in the form of light. This subject is 
important, since more peripheral drivers are damaged by 
lamps than any other load. 
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TIME (ms) 
TL/F/5860-19 
FIGURE 19. Transient Response of 
an Incandescent Lamp 
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LAMP VOLTAGE (V) 
TL/F/5860-20 
FIGURE 20. DC Characteristics of an Incandescent 
Lamp 


Figure 21 shows the transient response of a driver similar to 
a DS75451 driving the lamp characterized in Figures 19 and 
20. The equivalent load doesn’t include the reactance of the 
lamp base to ambient, which has a 250 ms time constant, 
since 10 ms to an IC is equivalent to DC. The peak transient 
current was 1 amp, settling to 200 ms, with an 8 ms time 
constant. Observe the peak current is clamped at 1 amp, by 
the sinking ability of the driver; otherwise the peak current 
may have been 1.2 amps. The DS75451 is only rated at 300 
mA, but it is reasonable to assume it could sink 1 amp be- 
cause of the designed force 8 required for switching re- 
sponse and worst case operating temperature. 
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TL/F/5860-21 
FIGURE 21. Transient Incandescent Lamp Current 


Calculation of the energy dissipated by a peripheral driver 
for the transient lamp current shown in Figure 27 is shown 
above, and the plot of energy vs time is shown in Figure 22. 
Figure 22 also includes as a reference the maximum peak 
energy from Figure 75. |t can be seen from Figure 22 that in 
this example there is a good safety margin between the 
lamp load and the reference max peak energy. If there were 
more drivers than one per package under the same load, 
the margin would have been reduced. Also, if the peripheral 
driver couldn’t saturate because it couldn’t sink the peak 
transient lamp current, then the energy would also reduce 
the margin of safe operation. 
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TL/F/5860~22 
FIGURE 22. Energy vs Time for a Peripheral 

Driver with an Incandescent Lamp Load 


CALCULATION OF ENERGY IN AN 
INCANDESCENT LAMP 


t 
Energy = f Vot (lpi + Re) dt 
fem Veit 0) eae 
ee A 


=Ipoe-/t 7 = R2C2 


Ri 


t 
Energy = it Vor (Ini + Ino e-t/7) dt 


= Vo Ilnit + Inez (i — e7t/7)] 
VoL = 0.6V 
IR1 = 0.2 Amps 
IRi + IRo2 = 1 Amp 
A common technique used to reduce the 10 to 1 peak to DC 
transient lamp current is to bias the lamp partially ON, so 
the lamp filament is warm. This can be accomplished as 
shown in Figure 23. From Figure 20 it can be seen that the 
lamp resistance at OV is 5.7, but at 1V the resistance is 
182. At 1V the lamp dosen't start to emit light. Using a lamp 
resistance of 100N and lamp voltage of 1V, Rg was calcu- 
lated to be approximately 1000. This circuit will reduce the 
peak lamp current from 1 amp to 316 mA. 


Given: 


Vea -V 
Ra ~ (M2) a 


6.3 
Rp Rp = ( 1 


*) 18N = 95.4 = 1000 
100 


TL/F/5860-23 
FIGURE 23. Circult Used to Reduce Peak 
Transient Lamp Current 


PERIPHERAL DRIVER SECTION 


National Semiconductor has a wide selection of peripheral 
drivers as shown in this section’s guide. The DS75451, 
DS75461, DS3631 and the DS3611 series have the same 
selection of logic function in an 8-pin package. The 
DS75461 is a high voltage selection of the DS75451 and 
may switch slower. The DS3611 and DS3631 are very high 
voltage circuits and were intended for slow relay applica- 
tions. The DS3680, DS3686, and DS3687 were intended for 
56V telephone relay applications. The DS3654 contains a 
10-bit shift register followed by ten 250 mA clamped drivers. 
The DS3654 was intended for printer solenoid applications. 


High current and high voltage peripheral drivers find many 
applications associated with digital systems, and it is the 
intention of the application note to insure that reliability and 
service life of peripheral drivers equal or exceed the per- 
formance of the other logic gates made by National. 

For additional information, please contact the Interface Mar- 
keting Department at National or one of the many field ap- 
plication engineers world-wide. 
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Display Drivers 


MOS/LS! DISPLAY DRIVERS 


National’s comprehensive family of display drivers provides 
direct interface to all of the common display technologies— 
light-emitting diode (LED), liquid crystal display (LCD), and 
vacuum fluorescent (VF). 


FUNCTION SIMILAR FAMILY 


Each driver utilizes a simple serial-data input channel, on- 
chip shift register, latches and buffer/driver outputs. The 
serial input channel allows direct interface to most micro- 
processors, including COPST™™, NSC800™, 8080 series, 
and TMS1000 series. Besides a serial-data input, each driv- 
er requires a clock input. Some offer a latch (data) input 
and/or data output for easy cascade interconnect of addi- 
tional drivers. 

Once loaded, the shift register data can be transferred to 
the on-chip latches, which then output to the buffer/driver 
and respective display. This buffer/driver is where each pro- 
vides the unique driver interface desired by the particular 
display technology—LED, LCD, or VF. 


THE MM58241 SERIES—VF 


Each of the products in the MM58241 series provides high- 
voltage (several up to 60V) drive of VF displays. All are ideal 


OUTPUT 
32 


for direct or multiplexed interface to large complex VF panel 
arrays or 5 X 7 (or larger) dot-matrix character strings. Each 
of the drivers are cascadable for further expansion. Applica- 
tion note AN-371 provides further details and other applica- 
tion information. 


THE MM5450 SERIES—LED 

National's MM5450 series of LED display drivers rounds out 
this comprehensive product family. This popular series of- 
fers direct drive of LED displays by providing up to 25 mA of 
current drive per LED segment. 


CMOS/LSI 

Many of the products in the display driver family utilize 
CMOS technology and are further evidence of National’s 
capabilities and commitment to CMOS/LSI—the technology 
of the ‘80s. 

In addition, National offers a line of bipolar segment and 
digit drivers with a broad range of output sink and source 
currents. 

Detailed features/functions of the 16-member display driver 
family are high-lighted in the following product guide. 


OUTPUT 
1 


siaaug Aejdsig 


BLANKING 
CONTROL 


32 OUTPUT 
BUFFERS 


32 LATCHES . 


32-BIT 
SHIFT REGISTER 


TL/XX/0100-1 
FIGURE 1. Typical Block Diagram 
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Display Product Page 

Technology Number No. 

Vacuum MM58241 32-segment, direct/multiplexed drive to 60V, data enable, brightness control, 4-78 
Fluorescent (VF) cascadable, 40-pin DIP or 44-pin PCC package. 2 

VF MM58242 20-digit, direct/multiplexed drive to 60V, data enable, brightness control, 4-83 
cascadable, 28-pin DIP or PCC package. i 

VF MM58248 35-segment, direct/multiplexed drive to 60V, pin-compatible to MM5448, 40-pin 4-88 
DIP or 44-pin PCC package. : 

VF MM58341 32-segment, direct/multiplexed drive to 35V, data enable, brightness control, 4.93 
cascadable, 40-pin DIP or 44-pin PCC package. ; 

VF MM58342 20-digit, direct/ multiplexed drive to 35V, data enable, brightness control, 4-98 
cascadable, 28-pin DIP or PCC package. : 

VF ; MM58348 35-segment, direct/multiplexed drive to 35V, pin-compatible to MM5448, 40-pin 4-103 
DIP or 44-pin PCC package. : 

Liquid Crystal MM5452 32-segment, direct drive, serial-data input, data enable, on-chip backplane (B/P) 4-46 
(LCD) oo oscillator, 40-pin DIP or 44-pin PCC package. 

LCD MM5453 33-segment, direct drive, serial-data input, B/P oscillator, 40-pin DIP or 44-pin 4-46 





PCC package. 


LCD MM5483 31-segment, direct drive, serial-data input/output, latch (data) control, 40-pin DIP 4-61 
or 44-pin PCC package. 5 


LCD MM58201 Multiplexed drive, 192 segments (8 backplanes, 24 segments), 192-bit RAM, 
cascadable, R/C oscillator, serial-data input/output, 40-pin DIP or 44-pin PCC 
package. 


Light-Emitting MM5450 34-segment, direct drive up to 25 mA, brightness control, data enable, 40-pin DIP 4-40 
Diode (LED) or 44-pin PCC package. z 


LED MM5451 35-segment, direct drive up to 25 mA, brightness control, 40-pin DIP or 44-pin 
PCC package. 
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LED MM5480 23-segment, direct drive up to 25 mA, serial-data input, brightness control, 28-pin 


DIP package. iia 


LED : MM5481 14-segment, direct drive up to 25 mA, serial-data input, brightness control, 20-pin 4-57 
DIP package. . 


LED MM5484 16-segment, direct drive up to 10 mA, serial-data input/output, cascadable, 
22-pin DIP package. 
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LED MM5486 


33-segment, direct drive up to 25 mA, serial-data input/output, brightness 
control, latch (data) control, 40-pin DIP package. 
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LED Display Segment Drivers 


lo/Segment (mA) 


Sink* Source 
(Common | (Common 
a eae 





















Device Number 
and Temperature Range 














Vmax (V) 


Pass | ere Constant 
ie 


pseesa | CT 8 


*Digit drivers with output sink capability may be used to drive segments of ‘common anode” | 96 
Cathode) | Input 


co 
Comments ae 
oCto +70°C | —55°C to + 126°C Cathode) | Input -suppty | 


os7saot | | a cf to | to | Cd 
DS75494 ——bseetee fe se ft ie tie aie conve 442 


DS75492 4-6 
DS8870 ee Pinout, 4-24 
Darlington Output 
088863 ce ee eae Pr 
Ds8963 = a 4-21 
psess4 | CT CT | dt 
DS8874 a ee Serial Shift Register Input | 4-26 
DS8973 3-Cell Operation—Low 
4-35 
pale Indicator 


psaesa | | tt] too | 8 || Seriatinput | 817 


Gas Discharge Display Drivers 
Device Number : 
and Temperature Range Tipe. 
o°c to + 70°C —§5°C to + 125°C 2 


DS888o DS7880 Cathode Drivers BCD to 7-Segment 


DS8884A 7 BCD to 7-Segment 
with Comma and DP 
Device Number 


Vacuum Fluorescent Display Drivers 
and Temperature Range ae 
0°C to + 70°C —55°C to + 125°C z 


DS8654 ja ae, Ground Driver (segments) | 8 7-Segment plus DP 
psesss | Ande Driver (digit) eis I he 


Drivers/ 
Package 










o°c to + 70°C | —55°C to + 125°C 









DS75491 
DS75493 






LED Display Digit aa goeng 


Io/Digit (mA) 


Source 


Device Number 
and Temperature Range 
















Drivers/ 
Package 



























Drivers/ 
Package 
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DS75491/DS75492 


Za National 


Semiconductor 


DS75491 MOS-to-LED Quad Segment Driver 
DS75492 MOS-to-LED Hex Digit Driver 


General Description 


The DS75491 and DS75492 are interface circuits designed 
to be used in conjunction with MOS integrated circuits and 
common-cathode LEDs in serially addressed multi-digit dis- 
plays. The number of drivers required for this time-multi- 
plexed system is minimized as a result of the segment-ad- 
dress-and-digit-scan method of LED drive. 


Schematic and Connection Diagrams 


DS75491 (each driver) 


Cc 
(3, 5, 10, 12) 


(1, 7, 8, 14) 


(2, 6, 9, 13) 
E 


TO OTHER 
DRIVERS 


TO OTHER 
ORIVERS 


TL/F/5830-1 


DS75491 Dual-In-Line Package 


2E 2A 


TL/F/5830-3 


Top View 


Features 

m 50 mA source or sink capability per driver (DS75491) 
m 250 mA sink capability per driver (DS75492) 

m MOS compatability (low input current) 

m@ Low standby power 

® High-gain Darlington circuits 


DS75492 (each driver) 


(1, 2, 6, 7, 9, 13) 


(14, 3, 5, 8, 10, 12) 
A 


TO OTHER 
DRIVERS 


DRIVERS 
TL/F/5830-2 


DS75492 Dual-In-Line Package 


TL/F/5830-4 
Top View 


Order Number DS75491J, DS75492J, 
DS75491N or DS75492N 
See NS Package Number J14A or N14A 





Absolute Maximum Ratings (note 1) . 

If Milltary/Aerospace specified devices are required, . DS75491 = DS75492 

please contact the National Semiconductor Sales Continuous Total Dissipation 600 mw 600 mW 

Office/Distributors for availability and specifications. Operating Temperature Range o°C to + 70°C 
DS75491 DS75492 Storage Temperature Range —65°C to + 150°C 


Input Voltage Range (Note 4) —5V'to Vss Lead Temp. (Soldering, 10 sec) 300°C 300°C 
Collector Output Voltage (Note 5) 10V 10V Maximum Power Dissipation 


Collector Output to Input Voltage 10V 10V at 25°C 
Emitter to Ground Voltage (V; = 5V) 10V Cavity Package 1308mW* 1364 mWt 
Emitter to Input Voltage 5V Molded Package 1207 mW* 1280 mWt 


. . *Derate cavity package 8.72 mW/°C above 25°C; derate molded package 
Voltage at Vss Terminal with Respect 9.66 mW/°C above 25°C. 


to any Other Device Terminal 10V tov tDerate cavity package 9.09 mW/°C; derate molded package 10.24 mW/°C 
Collector Output Current above 25°C. 


Each Collector Output 50mA 250mA 
All Collector Outputs 200mA 600mA 


c67SZSG/16PSZSG 


Electrical Characteristics vss = 10v (Notes 2 and 3) 


symbol | Parameter | Conitions, | in | Typ | Max | Units 


DS75491 


“ON” State Collector Emitter Voltage ae = 8.5V through 1k, | Ta = 25°C 
Ve = 5V, Ilo = 50mA - 
“OFF” State Collector Current ae = 10V, fin=40HA sd = 40 paemae oe 
Ve=9 lvy=o7 | 


Input Current at Maximum Input Voltage | Vin = 10V, Ve = OV, Io = 20mA | | 
Emitter Reverse Current Vin = OV, Ve = 5V, Io = OMA 
Current Into Vsg Terminal aie, 


Input = 6.5V through 1kQ, | Ta = 25°C Le OS Ae 
lur= som [ayzo-os [Ta 


VoH = 10V | lin = 40 pA 


Vin = 0.5V 


Input Current at Maximum Input Voltage | Vin = 10V, lo, = 20mA 
Current Into Vsg Terminal Pee tomes 6 ee | 


Switching Characteristics vss = 7.5v, Ta = 25°C 


Symbol Parameter | Conditions —_—| Min | Typ | Max | Units 


DS75491 


Propagation Delay Time, Low-to-High Level Output (Collector) | Viy = 4.5V, Ve = OV, | | too} | 
Propagation Delay Time, High-to-Low Level Output (Collector) | RL = 2002, CL = 15 pF ee ae 


Propagation Delay Time, Low-to-High Level Output Vin = 7.5V, RL = 399, | | s00f 
Propagation Delay Time, High-to-Low Level Output CL = 15 pF Sree 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
Operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C temperature range for the DS75491 and DS75492. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: The input is the only device terminal which may be negative with respect to ground. 


DS75492 





Note 5: Voltage values are with respect to network ground terminal unless otherwise noted. 





DS75491/DS75492 


AC Test Circuits and Switching Time Waveforms 


DS75491 


PULSE 


_DS75492 


A, = 390 


PULSE 
GENERATOA 
(NOTE 1) GENERATOR OUTPUT 
(NOTE 1) : , 


(NOTE 2) 


TL/F/5830-5 


\ 
| 
| 
| 
\ 
{ 

OUTPUT 

aa 

\ 

If 

| _ 

| { 
| \ 


torn Lona 


Note 1: The pulse generator has the following characteristics: Zoyt = 50M, PRR = 100 kHz, 
Note 2: C, includes probe and jig capacitance. 


‘ Cc =45 pF 
(NOTE 2) 


TL/F/5830-6 





nee Ae. TL/F/5830-7 
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DS55493/DS75493 Quad LED Segment Driver 


General Description Features 


The DS55493/DS75493 is a quad LED segment driver. Itis | ™ Low voltage operation 

designed to interface between MOS IC’s and LED’s. An ex- sm Low input current for MOS compatibility 
ternal resistor is required for each segment to drive the out- ™ Low standby power 

put current which is approximately equal to 0.7V/R, and ism Display blanking capability 

relatively constant, independent of supply variations. Blank- 4g Output current regulation 

ing can be achieved by taking the chip enable (CE) to a m Quad high gain circuits 

logical “1” level. 


Schematic and Connection Diagrams 


(4,5, 12, 13) 


TO OTHER 
ORIVERS 


cup (2) 


O 
ENABLE (2, 7, 10, 15) 


EXTERNAL 
CURRENT SET 


ESISTOR 
(3, 6, 11, 14) eee 
Ou = = ol 


TL/F/7561-1 


Dual-In-Line Package _ ——- Truth Table 


Rseta loura ING IN3 fours. —s Ret 


| ce | vn | tour | 
1 ON 





0 
0 0 OFF 
1 X OFF 


X = Don't care 


Vss Rsers fours lour2  Rser2 GND 
TL/F/7561-2 
Order Number DS55493uJ, DS75493J 
or DS75493N 
See NS Package Number J16A or N16A 
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DS55493/DS75493 


Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the Natlonal Semiconductor Sales Supply Voltage 
Office/Distributors for avallability and specifications. Vcc 3.2 


Supply Voltage 10V Vss ee 


Temperature Ta 
Input Voltage 10V DS75493 0 


Output Voltage Voc DS55493 —55 
Storage Temperature Range —65°C to + 150°C 
Output Current (out) -—25mA 


Maximum Power Dissipation* at 25°C 
Cavity Package 1371 mW 
Molded Package 1280 mW 


Lead Temperature (Soldering, 4 seconds) — 260°C 


*Derate cavity package 9.14 mW/°C above 25°C; derate molded package 
10.24 mW/°C above 25°C. 


Electrical Characteristics (vss = Voc) (Notes 2 and 3) 


| Parameter | Gonaitions, | in | Typ | Max | 
Input Current [Ves = Max Viv=88V,Voo=OpenVor=ov | || 32 
eae 


lout = Rset @ OV, Voce = 8.8V 


Chip Enable Input Current | Vcc = Max, Vsg = Max, Vcge = 8.8V, All Other Pins 
to GND 


Output Current 
Ice = 80 pA, Vin = 6.5V 
Through 1.0 kN 


lout = Rset @ OV, Voc = Min, Vce = OV 


Measure Current to Gnd, | Vin = 8.8V Through 
Vss = 8.8V 100 kn. 


Voce = 6.5V Though 
1.0 kQ, Vin = 8.8V 


Voc = OV, All Other Pins to Gnd 


Voc = Min, Vssg = 8.8V_ | lout @ 2.15V, VcE = 8.8V 
Through 100 kn, 
Ry = 502 © 


lout = Open, Rset = Open, 
Voce = OV 


Switching Characteristics 1, = 25°C, nominal power supplies unless otherwise noted 


| Parameter | Gonaitions_ | Min_| Typ | Max _| 


tod(OFF) Propagation Delay to a Logical “0” (See AC Test Circuit 170 
From Input to Output ‘ 





tpd(ON) Propagation Delay to a Logical “1” (See AC Test Circuit) 
11 100 
From Input to Output 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75493 and across the —55°C to + 125°C range for the 
DS§5493. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. ‘ 
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Typical Applications 


CALCULATOR 
OR OTHER 
CURRENT 
SOURCE 
OUTPUT 


AC Test Circuit 


Vss Voc 
B8V 3.2V Aser Ay 250 


DIODES 
1N914 


TL/F/7561-4 
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DS75494 DIGIT DRIVER 
TL/F/7561-3 


Switching Time Waveforms 


TL/F/7561-5 
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Semiconductor 


DS55494/DS75494 Hex Digit Driver 


General Description Features 
The DS55494/DS75494 is a hex digit driver designed to ™ 150 mA sink capability 
interface between most MOS devices and common cath- | Low voltage operation 
odes configured LED's with a low. output voltage at high m Low input current for MOS compatibility 
operating currents. The enable input disables allthe outputs gy Low standby power 
when taken high. ™ Display blanking capability 
m Low voltage saturating outputs 
®@ Hex high gain circuits 


Schematic and Connection Diagrams 


Dual-In-Line Package 
Vee (16) ING OUTG6 OUTS INS OUT4 ING 


(2, 5, 7, 10, 12) 


TO OTHER 
INPUTS 


CHIP ENABLE 


NC IN1 OUT1 OUT2 IN2 IN3 GND 
TL/F/5832-2 
6 Top View 
GNp (8) Order Number DS55494J, DS75494J 
TL/F/5832-1 or DS75494N 
See NS Package Number J16A or Ni6A 


Truth Table 


X = don't care 
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Absolute Maximum Ratings (note 1) Operating Conditions. 
If Military/Aerospace specified devices are required, Min 
please contact the Natlonal Semiconductor Sales Supply Voltage, Voc 3.2 
Office/Distributors for avallability and specifications. Temperature, Ta 
Supply Voltage 10V DS75494 0 
Input Voltage 10V pSsans aan 
Output Voltage 10V 
Storage Temperature Range —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mW 

Molded Package 1362 mW 
Lead Temperature (Soldering 4 seconds) 260°C 


*Derate cavity package 9.55 mW/°C above 25°C; derate molded package 
10.9 mW/°C above 25°C. 


y6PSZSQ/P6rSSSG 


Electrical Characteristics (notes 2 and 3) 


Voce = 8.8V 


Logical ‘‘O” Input Current | Vcc = Max, Vin = —5.5V mae 
Logical “1” Output Current | Voc = Max, Voy = 8.8V | Vin = 8.8V through 100k, Vce= ov | | | 400 | 
Vin = 8.8V, Voe = 6.5V through 1.0k | | — | 400. 


Logical “0” Output Voltage | Vcc = Min, Io. = 180 mA, Vin = 6.5V through 1.0k, | Ds75494] | 0.25] 0.35 | 
Voce = 8.8V through 100k DS55494 | [0.25] 0.4 | 
Supply Currents One Driver “ON”, Vin = 8.8V DS75474 | | | 80 | 


josssae4| | | 10.0 

Voc = Max} All Other Pins to GND Voce = 6.5V through 1.0k{ | | 100 | 
Vin = 8.8V through 100k | |_| 100 | 

All Other Pins to GND | | | 40 | 


Output “OFF” Time C, = 20 pF, RL = 240, Voc = 4.0V, See AC Test Circuits | |o.04] 1.2 | 


Output “ON” Time CL = 20pF, Ry = 240, Voc = 4.0V, See AC Test Circuits | | 13 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75494 and across the —55°C to + 125°C range for the 
DS55494, : 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 





AC Test Circuit and Switching Time Waveforms 


Vee 


Ru 
240 
5% 
Vout 

C, 

20 pF 

+10% 

Vout 2.2V, 50% 
TL/F/5832-3 


TL/F/5832-4 
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DS8654 


National — 


Semiconductor 


DS8654 8-Output Display Driver 


(LED, VF, Thermal Printer) 


General Description 


DS8654 is an 8-digit driver with emitter/follower outputs. It 
can source up to 50 mA at a low impedance, and operates 
with a constant internal drive current over a wide range of 
power supply—from 4.5V to 33V. The DS8654 can be used 
to drive electrical or mechanical, multiplexed or unmulti- 
plexed display systems. It can be used as a segment driver 
for common cathode displays with external current limiting 
resistors or can drive incandescent or fluorescent displays 
directly, both digits (anodes) and segments (grids). It will be 
necessary to run the device at a lower duty cycle, to keep 
the maximum package dc power dissipation less than 
600 mW while operating all 8 outputs at high supply voltage 


Connection Diagram 


and large source current. The inputs are MOS compatible 
and eliminate the need for level shifting since inputs are 
referenced to the most negative supply of system. 


System Description 


The DS8654 is specifically designed to operate a thermal 
printing head for calculator or other uses. In this application 
the same segment in each digit is selected at the same 
time, reducing the overall time for a complete print cycle. 
The DS8654 is an 8-digit driver. With a 15-digit print head, 
two of the DS8654 are required. 


Dual-In-Line Package 


OUTS OUTG OUT? OUTS 


QUT4 OUT3 OUT2 OUT1 


GNO 


Vec 


IN8 IN7 IN 6 


IN 1 IN2 IN 3 


TL/F/5833~-1 


Top View 


Order Number DS8654N 
See NS Package Number N18A 





Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specifled devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 4.5 
Office/Distributors for availability and specifications. 


Supply Voltage 36V 
Input Voltage 36V 
Output Voltage Vcc — 36V 
Storage Temperature Range —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 

Molded Package 1563 mW 
Lead Temperature (Soldering, 4 seconds) 260°C 
*Derate molded package 12.5 mW/°C above 25°C. 


Temperature (Ta) 0 


Electrical Characteristics (Notes 2 and 3) 


| Parameter | Conditions| Min | Typ | Max 
Logical ‘'1” Input Current Voc = Max, Vin = 6.5V | se | soo 


Logical “‘0” Input Current Voc = Max, Vin = 0.4V 


“Off? State Leakage Current Vout = Vcc — 33V 


“On’’ State Output Voltage Voc = Max, lin = 500 pA, 
lon = —50mA 


Supply Current Voc = Max, Vin = Vout = GND 


ICC(ON) Supply Current Voc = Max, Vin = 6.5V, 
(All Outputs “ON”) louT = OmA 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS8654. All typicals are given for Vcc = 30V and Ta = 25°C. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 





Schematic Diagram 


DS8654 


TL/F/5833-2 
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s98Sd 


DS8654 


Typical Applications 


Thermal Printer 


8 DIGITS 


DS8654 


DS8656 


MOS CALCULATOR 
CHIP 


SEGMENT DRIVERS 


Vop 
TL/F/5833-3 


LED Display—0 mA to 50 mA Peak Segment Current 
SEGMENT INPUTS 


Fi Ci OC) Cf cl co 
LAL Loll, Ll. il, 


DIGIT INPUTS 
TL/F/5833-4 





Typical Applications (continued) 


pS98Sa 


LED Display—50 mA to 100 mA Peak Segment Current 


SEGMENT INPUTS SEGMENT INPUTS 
—— 


tO ff Ott ef 
Mao Oo oho oo 


0S8863 0S8863 


DIGIT INPUTS 
TL/F/5833-5 


VF Display 


TO OTHER 
INPUTS DIGITS 


All resistors are 100k. 
For other applications, see DS8881 data sheet. DIGIT INPUTS 
TL/F/5833-6 








DS8669 


ZA National 


Semiconductor 


DS8669 2-Digit BCD to 7-Segment Decoder/Driver 


General Description 


The DS8669 is a 2-digit BCD to 7-segment decoder/driver 
for use with common anode LED displays. The DS8669 
drives 2 7-segment LED displays without multiplexing. Out- 
puts are open-collector, and capable of sinking 25 mA/seg- 
ment. Applications include TV and CB channel displays. 


Logic and Connection Diagrams 


BCD 7-SEGMENT 
DECODER DRIVERS OUTPUTS 


INPUTS 


DRIVERS 7-SEGMENT 


BCD 
DECODER OUTPUTS 


INPUTS 


TL/F/5836-1 


Features 

u Direct 7-segment drive 

m 25 mA/segment current sink capability 

m Low power requirement—16 mA typ 

m@ Very low input currents—2 pA typ 

@ Input clamp diodes to both Voc and ground 
= No multiplexing oscillator noise 


Dual-In-Line Package 


Top View 


Order Number DS8669N 
See NS Package Number N24A 


TL/F/5836-2 





Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C 
please contact the National Semiconductor Sales Molded Package 2005 mW 
Office/Distributors for availability and specifications. Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage 7V *Derate molded package 16.04 mW/°C above 25°C, 


Input Current 20 mA : ae 
Output Voltage 12V Operating Conditions 


Storage Temperature Range —65°C to + 150°C Min Max 
Supply Voltage (Vcc) 4.5 6.0 


Temperature (Ta) 0 +70 


Electrical Characteristics Voc = 5.25v, (Note 2) 


Symbol 

Vid 
Logical “‘0” Input Voltage 
Logical ‘‘1’’ Output 
Leakage Current VouT = 10V 


Logical ‘“‘0’”’ Output Voltage lo. = 25 mA, 
Voc = Min 


_ 


Nit So 
o|] & 


Logical ‘1”’ Input Current Vin = Voc = Max 


Logical “0” Input Current Vin = OV, 
Vcc = Max 


Supply Current All Outputs Low, 
Voc = Max 
Input Clamp Voltage lin = 10 mA 
lin = —10mA 


Voc + 1.5V 


Propagation Delay to a Logical ‘‘0” 
from Any Input to Any Output 


= 


Propagation Delay to a Logical “1” 
from Any Input to Any Output 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS8669. All typicals are given for Veco = §.25V and Ta = 25°C. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


= 


i. 1 
o o 
~_— 
= iw) 
oOo OQ for) oi Oo 
< . 
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n 
Ee 
> 
a 
ro 
> 
°o 
kK 
2 
w 
= 
oO 
Ww 
” 


INPUT LEVELS 
On Cn BN AN 


Truth Table 


6998S 


DISPLAY 2 


.g2 | DISPLAY 1 


d2 e2 f2 


c2 


N 
2 


TL/F/5836-3 


“0” = Segment ON 
“4" = Segment OFF 


Display Segment Notation 


TL/F/5836-4 


ircui 


AC Test C 


TO OUTPUT 
UNDER TEST. 


TL/F/5836-5 


Waveforms 


ime 


T 


Switching 


IN-PHASE OUTPUT 


ov 


OUT OF PHASE OUTPUT 


TL/F/5836-6 
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44 Nationat 


Semiconductor 


€968Sd/€988Sd 


DS8863/DS8963 MOS-to-LED 8-Digit Driver 


General Description Features 
The DS8863 and DS8963 are designed to be used incon- ™ 500 mA sink capability per driver, DS8863, DS8963 
junction with MOS integrated circuits and common-cathode m MOS compatibility (low input current) 
LED's in serially addressed multi-digit displays. @ Low standby power 
The DS8863 is an 8-digit driver. Each driver is capable of |§ @ High gain Darlington circuits 
sinking up to 500 mA. 
The DS8963 is identical to the DS8863 except it is intended 
_ for operation at up to 18V. 


Schematic and Connection Diagrams 


(1, 4, 5, 7, 10, 12, 14, 16) 
(2, 3,6, 8, 11, 13, 15, 17) 


TO OTHER 
DRIVERS 


DRIVERS 
TL/F/5839-1 


Dual-In-Line Package 
INS OUTS IN? OUT? ING  OUT6 





IN1 IN2 OUT2 OUT3 ~ IN3 OUT4 
TL/F/5839-2 


Top View 


Order Number DS8863N or DS8963N 
See NS Package Number N18A 





4-21 


DS8863/DS8963 


Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
DS8863 DS8963 
Input Voltage Range 
(Note 1) 
Collector (Output) Voltage 
(Note 2) 10V 18V 
Collector (Output)-to-Input 
Voltage 10V 18V 
Emitter-to-Ground Voltage 
(V; 2 5V) 
Emitter-to-Input Voltage 
Voltage at Vsg Terminal With 
Respect to Any Other 
Device Terminal 10V 18V 


—-5VtoVss —5VtoVss 


DS8863 DS8963 
Collector (Output) Current 
Each Collector (Output) 


All Collectors (Output) 
Continuous Total 
Dissipation 
Operating Temperature 
Range oCcCto+70°G O0°Cto + 70°C 
Storage Temperature 
Range 
Maximum Power Dissipation 
at 25°C 
Molded Package 
Lead Temperature 
(Soldering, 4 sec.) 260°C 260°C 
+Derate molded package 12.5 mW/°C above 25°C. 


500 mA 
600 mA 


500 mA 
600 mA 


800 mW 800 mW 


—65°C to + 150°C 


1563 mWt 1563 mwt 


Electrical Characteristics vss = 10v, Ta = 0°C to +70°C unless otherwise noted 


Conditions [min | Typ | max | Units 


Low Level Output Voltage Vin = 7V, lout = 500 mA 
High Level Output Current Vou = 10V* 


Input Current at Maximum Input Voltage | Vin = 10V, lo, = 20 mA 


[Tazo | | | 15 | 

| | ts | 
fin=40wa || 0 
[vw=osv | || 80 | 
eh eae! 


| CurentintoVesTerminal | 


*18V for the DS8963 


Switching Characteristics vsg = 7.5v, Ta = 25°C 


Conditions | Min | Typ | Max | 
Propagation Delay Time, Low-to-High Level Output | Viy=8Vv,R,=200, | | 300 | 


Propagation Delay Time, High-to-Low Level Output C_ = 15 pF 





Note 1: The input is the only device terminal which may be negative with respect to ground. 
Note 2: Voltage values are with respect to network ground terminal unless otherwise noted. 





AC Test Circuits and Waveforms 
DS8863 


PULSE 
GENERATOR 
(NOTE 1) 


(NOTE 2) 


TL/F/5839-3 


OuTPUT 


ter, tem [oe tet 


| 
TL/F/5839-4 


Note 1: The pulse generator has the following characteristics: Zoyt = 509, PRR = 100 KHz, tw = tps. 
Note 2: C,_ includes probe and jig capacitance. 
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DS8870 


ZA National 


Semiconductor 


DS8870 Hex LED Digit Driver 


General Description Features 


The DS8870 is an interface circuit designed to be used in ™ Sink capability per driver—350 mA 
conjunction with MOS integrated circuits and common-cath- m MOS compatibility (low input current) 
ode LED’s in serially addressed multi-digit displays. The m™ Low standby power 

number of drivers required for this time-multiplexed system —_™ High-gain Darlington circuits 

is minimized as a result of the segment-address-and-digit- 

scan method of LED drive. 


Schematic and Connection Diagrams 


DS8870 (Each Driver) _ Dual-In-Line Package 


(14, 3, 5, 8, 10, 12) 


TO OTHER 
DRIVERS 


ORIVERS 
TL/F/5841-1 


2A GND 3A 3Y 
TLR /5841-2 
Order Number DS8870J or DS8870N 
See NS Package Number J14A or N14A 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Continuous Total Dissipation 800 mW 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage Range (Note 4) —5V to Vss Storage Temperature — 65°C to + 150°C 
Collector Output Voltage 10V Maximum Power Dissipation* at 25°C 


i 1308 
Collector Output to Input Voltage 10V cae A sai! . hee ae 


Voltage at Vs Terminal with Respect to Lead Temperature (Soldering, 4 seconds) 260°C 
Any Other Device Terminal 10V *Derate cavity package 8.72 mW/°C above 25°C; derate molded package 
Collector Output Current 9.66 mW/°C above 25°C, 
Each Collector Output 350 mA 
All Collector Outputs 600 mA 


Operating Temperature Range 0° to + 70°C 


Electrical Characteristics Veg = 10Vv (Notes 2 and 3) 


[| Parameter | Conaitions | Min_ | typ | Max | 
Low Level Output Voltage Input = 6.5V through kn, 1.2 1.4 
lout = 350 mA, Ta = 25°C : : 
Low Level Output Voltage Input = 6.5V through 1k, 1.6 
lout = 350 mA . 


High Level Output Current VoH = 10V, lin = 40 pA Ft | 200 | 
High Level Output Current Vou = 10V, Vin = 0.5V || 200 | 
Input Current at Maximum Input Voltage Vin = 10V, lor = 20 pA | | ae | 33 | 


| GurrentintoVes Terminal | Tt 


Switching Characteristics vss = 7.5v, Ta = 25°C 


Conditions | min | Typ | Max | Units 


Propagation Delay Time, Low-to-High Level Output Vin = 7.5V, RL = 399, 
- CL = 15 pF 

Propagation Delay Time, High-to-Low Level Output Vin = 7.5V, Rr = 390, 
C. = 15 pF 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C temperature range. 


Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted, All values shown 
as max or min on absolute value basis. 


Note 4: The Input is the only device terminal which may be negative with respect to ground. 
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DS8874 


By National 


Semiconductor 


DS8874 9-Digit Shift Input LED Driver 


General Description Features 

The DS8874 is a 9-digit LED driver which incorporates a = 110 mA digit sink 

shift register input decoding circuit and a low battery indica- =m Low battery indicator 

tor. Outputs will sink 110 mA at less than 0.5V drop when = m ~Minimum number of connections 
sequentially selected. When the Vcc supply falls below 6.5V | ~MOS compatible inputs 

typical, segment current will be furnished at digit 9 time to 

indicate a low battery condition. Pin 13 is generally connect- 

ed to the decimal point segment on the display so that when 

a low battery condition exists, the left-most decimal point 

lights up. 


Connection Diagram 
Dual-In-Line Package 


ouTs OUT? 


ouT2 OUT3 OUT 4 
TL/F/5843~1 
Top View 


Order Number DS8874N 
See NS Package Number N14A 


Equivalent Schematic 


TL/F/5843-2 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C 

please contact the National Semiconductor Sales Molded Package 1280 mW 
Office/Distributors for availability and specifications. Lead Temperature (Soldering, 4 sec.) 260°C 
Supply Voltage 10V *Derate molded package 10.24 mW/°C above 25°C, 


Input Voltage 3V : —_ 
Output Voltage 10V Operating Conditions 

Min 
Supply Voltage (Vcc) 6.0 
Temperature (Ta) 


Storage Temperature Range —65°C to + 150°C 


Electrical Characteristics (Notes 2 and 3) 
Logical ‘*1” Input Current Voc = Max, Vin = 3V 
Logical “0” Input Current Voc = Max, Vin = 0.8V 
Vip = 2.3V, lip = —4 mA, O9 = Voi 
Decimal Point “OFF” 
Logical “1”’ Output Current Voc = Max, Output Not Selected 
Logical “0” Output Voltage Voc = Min, Output Selected, loi = 80 mA 


Vcc = Max, Output Selected, lo, = 110 mA 
Supply Current Voc = Max, One Output Selected 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range. All typicals are given for Ta = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Timing Diagram (Upper Level More Positive) 


7 Feces rae 0 aa 


CLOCK PULSE ST4E57677)879 172737475) 677,879 142 


OUTPUT 1 | | | | 


OUTPUT 2 | | | | | 
OUTPUT 3 | | | | 
e 


e 
OUTPUT 9 | | | 


TL/F/5843-4 
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DS7880/DS8880 


GAN Atone 


Semiconductor 


DS7880/DS8880 High Voltage 7-Segment Decoder/ Driver 


General Description 


The DS7880/DS8880 is custom designed to decode four 
lines of BCD and drive a gas-filled seven-segment display 
tube. 


Each output constitutes a switchable, adjustable current 
sink which provides constant current to the tube segment, 
even with high tube anode supply tolerance or fluctuation. 
These current sinks have a voltage compliance from 3V to 
at least 80V; typically the output current varies 1% for out- 
put voltage changes of 3 to 50V. Each bit line of the decod- 
er switches a current sink on or off as prescribed by the 
input code. Each current sink is ratioed to the b-output cur- 
rent as required for even illumination of all segments. 


Output currents may be varied over the 0.2 to 1.5 mA range 
for driving various tube types or multiplex operation. The 
output current is adjusted by connecting an external pro- 


Logic Diagram 


A INPUT 
B INPUT 
C INPUT 


O INPUT 


RIPPLE 
BLANKING 
INPUT 


OuTPuT 
BLANKING 


BLANKING 
INPUT/ 
RIPPLE 

BLANKING 

OUTPUT 


DECOOE 
LOGIC 


gram resistor (Rp) from Vcc to the Program input in accord- 
ance with the programming curve. The circuit design pro- 
vides a one-to-one correlation between program input cur- 
rent and b-segment output current. 

The Blanking Input provides unconditional blanking of any 
output display, while the Ripple Blanking pins allow simple 
leading- or trailing-zero blanking. 


Features 

@ Current sink outputs 

m Adjustable output current—0.2 to 1.5 mA 
@ High output breakdown voltage—110V typ 
g@ Suitable for multiplex operation 

m@ Blanking and Ripple Blanking provisions 
m@ Low fan-in and low power 


a OUTPUT 
b OUTPUT 
c OUTPUT 
d OUTPUT 
e OUTPUT 
f OUTPUT 


g OUTPUT 


CURRENT 
PROGRAMMING 
INPUT 


REFERENCE 
CIRCUIT 


Si 
B5 
asd 
> 
ES 
S 
ES 
@q. 
WA 
a 
Nap, 
i | 
CS) 
we . 
au 
@ 
w 


eT 


TL/F/5845~1 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Vcc 
Input Voltage (Except Bl) 
Input Voltage (Bl) 


Transient Segment Output Current 
(Note 4) 


Storage Temperature Range 
Lead Temperature (Soldering, 4 sec.) 


50 mA 
—65°C to + 150°C 
260°C 


Operating Conditions 


0888Sd/088ZSG 


Segment Output Voltage Min 


Power Dissipation 

Maximum Power Dissipation* at 25°C 
Cavity Package 1509 mw 
Molded Package 1476 mW 


*Derate cavity package 10.06 mW/°C above 25°C; derate molded package 
11.81 mMW/°C above 25°C. 


Supply Voltage (Vcc) 
DS7880 4.5 
DS8880 4.75 
Temperature (Ta) 
DS7880 —55 
DS8880 0 


600 mW 


Electrical Characteristics (Notes 2 and 3) 


Parameter 


| 


ane 
0.19 | 
| 4 | 


Symbol! 


. 
Vi___| Logical “0” input Voltage 
VOoH Logical “1” Output Voltage . 
Logical “o” Output Voltage 


Logical ‘‘1” Input Current Voc = Max, Except Bl VIN = 2.4V 
Vin = 5.5V 


Voc = Max, Vin = 0.4V Except Bl 


Vin Logical “1” Input Voltage 


4 4 


i) ie) 
> (>) 


A 


0. 
Logical ‘O” Input Current 
4 
| 00 | 
08 
. 


—2.0 


= |O 
arp 


Power Supply Current Voc = Max, Rp = 2.2k, All Inputs = OV 
Voc = Max, Ta = 25°C, lin = 12 mA 


All Outputs = 50V, 
loutb = Ref. 


| 
= 
a 


Input Diode Clamp Voltage 


SEGMENT OUTPUTS 
“ON” Current Ratio 


1.02 
1.38 
1.10 
1.21 
0.25 


Outputs a, f, and g 


lout = 250 pA, Bl = OV, Rp = 2.2k 


Propagation Delays BCD Voc = 5V, Ta = 25°C 
Input to Segment Output 


BI to Segment Output 0 
RBI to Segment Output 1 
RBI to RBO 10 


Note 1: “Absolute Maximum Rating” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of ‘Electrical Characteristics’ provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to + 125°C temperature range for the DS7880 and across the 0°C to + 70°C range for 
the DS8880. All typical values are for Ta = 25°C and Vog = SV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min or absolute value basis. 

Note 4: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in de applications by connecting a 2.2k resistor 
from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications. 


= 
=— 
a ine) 


_ 


| 9.50 | 


Output b “ON” Current Voc = 5V, VouTb = 50V, 
All Other Outputs = 5V, 


Ta = 25°C 


Oo 
Qn 
Oo 


oN 


1.10 
1.65 


aT 
13 
Pos | 2 
4 
we 
4 


1.3 


oa 


iw) 
a 


0 
3 
3 

10 
J o4 | 10 
0 





Note 5: For saturation mode the segment output currents are externally limited and ratioed. 
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DS7880/DS8880 


Connection Diagram 


Neca pe ciomeented 


INPUTS 


See NS Package Number J16A or N16A 


Dual-In-Line Package 
OUTPUTS 


PROGRAM. BI/RBO —~RBI 
————————— 
INPUTS 
Top View 


Order Number DS7880J, 
DS8880J or DS8880N 


Typical Performance Characteristics 


ii Output Current Programming 


w 
o 


b QUTPUT CURRENT (mA) 
& 


Rp (k) 


NORMALIZED ON CURRENT OR RATIO 


On Currents vs Temperature 
8 


TJ otentiens | A 


ON CURRENT RATIOS | =p |_| 
A 


Vour = 50V 
Rp = 0 TEMP COEFF. 
O2mA<S lours1.5mA 
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TL/F/5845-2 


Output Characteristic 


ee ae aes 

jar | 
Ee | 
Pt er 
PE EA Tt 


| TYPICAL OPERATING POINTS | 


OUTPUT OFF 


OUTPUT VOLTAGE (V) 
" TL/F/5845~3 





Typical Application 


DISPLAY 


Voc 
5V + 10% 


DECODER/ DRIVER 


MEMORY 


COUNTER 


Truth Table 


DECIMAL 
OR 
FUNCTION 


Oo 
oooooeoeo0eoo.so 


oOoOnN OO fF& WN = 
oor fr OO FO Ss =|] CO CO 


x KK KX KK KK KK KK KK KK SK 


oO 


*BI/RBO used as input only 


STROBE 


o- o0oeoeoe0oeooerfrfjo0eo.- 0 


~ 


me ese ese or ei oomlUlccmcmUCcUlUmUcr rhc OOWCcCOUCTOCO CO CO 


VaA 
(170 — 200 voc) 


R= 2.2k 
(NOTE 4) 


BECKMAN 
DISPLAY TUBE 


DS8880 


RBI 
B1/R80 


OM7475 
QUAD LATCH 


COUNT 
OUTPUT 


DM7490 
DECADE 
COUNTER 


TL/F/5845-4 


DISPLAY 


a 
{ 
/ 9 / © SEGMENT 


e / / IDENTIFICATION 


- o-os + 42 0-2 0 
oo ooerroo0eoeoeoco-rs = 


oo oO 0000 0 


_ 


- - ep - Or OooenceeoeeoeleWelUcUOWUCUCUOWULw HK ChLCOUCUCD 


- ~~ ep oo0nene9cerereoouluUdcer oor OOo SK Oo 


Tx = Don’t care 


TL/F/5845-5 





4-31 


0888S0/088ZSd 


DS8884A 


ry National 


Semiconductor 


DS8884A High Voltage Cathode Decoder/Driver 


General Description 


The DS8884<A is designed to decode four lines of BCD input 
and drive seven-segment digits of gas-filled readout dis- 
plays. 

All outputs consist of switchable and programmable current 
sinks which provide constant current to the tube cathodes, 
even with high tube anode supply tolerance. Output currents 
may be varied over the 0.2 mA to 1.2 mA range for multiplex 
operation. The output current is adjusted by connecting an 
external program resistor (Rp) from Vcc to the program in- 
put in accordance with the programming curve. Unused out- 
puts must be tied to Voc. 


Connection Diagram 


Features 

m Usable with AC or DC input coupling 
m@ Current sink outputs 

g High output breakdown voltage 

@ Low input load current 

@ Intended for multiplex operation 

@ Input pullups increase noise immunity 
mw Comma/d.pt. drive 


Dual-In-Line Package 


d. pt. 
OUTPUT 


D.PT. comma comma GND 


INPUT OUTPUT 
TL/F/5847-2 


Top View 


Order Number DS8884AN 
See NS Package Number N18A 
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Absolute Maximum Ratings (note 1) 


!f Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
please contact the National Semiconductor Sales Maximum Power Dissipation* at 25°C 
Office/Distributors for availability and specifications. Molded Package 1714 mW 


Voc 7V *Derate molded package 13.71 mW/°C above 25°C. 


Input Voltage (Note 4) Vec : - 
Segment Output Voltage BOV Operating Conditions 


Power Dissipation 600 mw Min Max 


Transient Segment Output Current Supply Voltage (Vcc) 4.75 5.25 
(Note 5) 50 mA Temperature (Ta) 0 +70 


Electrical Characteristics (Notes 2 and 3) 


Symbol | ___ Parameter | Conditions, =| Min | Max | Units 
Vin Voo = 4.75V eae Fk ae ie 
Logical “O"InputVoltage | Voo=a7ev || to 
Logical 1" InputGurrent___| Voo=S.25V.Vw=24v | 8 
| Logical “o" InputGurrent__| Voo=S25V.Viw= ov || = 2850 | 
| Power Supply Curent | Voc = 625V,Rp = 28k,Allinputs= sv || 40 
-Festve ner Sanaoane | vos =A70V.iys tak fat | 
| Voc = S5VIIN= —12mMA,TA= 25°C ic = —12 mA, Ta = 25°C 


SEGMENT OUTPUTS All Outputs = 50V, lout b =Ref., All Outputs 
“ON” Current Ratio 


Output b “ON” Current | Voo = 5V, Vour b = 50, | Rp = 18.1k | 
ts Re= 7.0% | 045 | 055 
Rp = 340k | 090 | 1.10 _| 





eee 6 | 


Output Leakage Current Vout = 75V 
VBR Output Breakdown Voltage louT = 250 pA 


tod Propagation Delay of Any Voc = 5V,Ta = 25°C 10 
Input to Segment Output 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 
Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C temperature range for the DS8884A. All typical values are for Ta = 25°C and 
Voc = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
Note 4: This limit can be higher for a current limiting voltage source. 


Note 5: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in DC applications by connecting a 2.2k resistor 
from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications. 


Typical Application 


BLANKING 


TL/F/5847-4 
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DS8884A 
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TL/F/5847-3 
*Decimal point and comma can be displayed with or without any numeral. 


Logic Diagram 
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ZA National 


Semiconductor 


DS8973 9-Digit LED Driver 


General Description 


The DS8973 is a 9-digit driver designed to operate from 
3-cell battery supplies. Each driver will sink 100 mA to less 
than 0.7V when driven by only 0.1 mA. Each input is blocked 
by diodes so that the input can be driven below ground with 
virtually no current drain. This is especially important in cal- 
culator systems employing a DC-to-DC converter on the 
negative side of the battery. If the converter were on the 
positive side of the battery, the converter would have to 
handle alt of the display current, as well as the MOS calcula- 
tor chip current. But if it is on the negative side, it only has 


Equivalent Circuit Diagrams 


Typical Driver Circuit 
Veet 


OUTPUT 


GROUND 
TL/F/5851-1 


Connection Diagram 


€Z68SG 


to handle the MOS current. The DS8973 is designed for the 
more efficient operating mode. 


Features 

m Nine complete digit drivers 

@ Built-in low battery indicator 

@ High current outputs—100 mA 

m@ Straight through pin out for easy board layout 


Typical D.P. Out Circuit 
Vec2 


TL/F/5851-2 


Dual-In-Line Package 


OUTPUTS 


8 7 6 5 4 3 2 1 


a ey 
bl INPUTS 


TL/F/5851-3 


Top View 


Order Number DS8973N 
See NS Package Number N22A 





DS8973 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 10V 
Input Voltage 10V 
Output Voltage 10V 
Storage Temperature Range —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 
Molded Package 

Lead Temperature (Soldering, 4 seconds) 
*Derate molded package 13.39 mW/°C above 25°C. 


1673 mW 
260°C 


Electrical Characteristics 


Logical “1” Input Voltage 
Logical ‘1” Input Current 


Logical ‘‘O” Input Voltage Voc = Max 


Voc = Max, Vi_ = 0.5V 


Vor (Pin 1) = 1V, lot < —50 pA, 
Ta = 25°C, Vin (Pin 2) = 3.9V 


Logical “0” Input Current 
High Battery Threshold 


Low Battery Threshold 


Vot (Pin 1) = 2.1V, lor < —6 mA, 
Ta = 28°C, Vip (Pin 2) = 3.9V 





Operating Conditions 
Min 
Supply Voltage (Vp) 3.0 
Supply Voltage (Vcc1) 3.0 
Temperature (Ta) 0 


a 
|Voo=Maxvn=sev fot | as | 
ene ee 


Logical “1” Output Current Voc = Min, Von = 9.5V, Vit = 0.5V a ee 
Logical “O” Output Voltage | Voc = Min, lo, = 100 mA, Vin = 3.9V ae ae Ee 


Supply Current Voc = Max, One Input “ON” 
Pin 21 (High Battery Supply) | Voc = Max, Vg = Max 


Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 1: “ 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C range. All typicals are given for Ta = 25°C. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
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Driving 7-Segment Gas 
Discharge Display Tubes 
with National 
Semiconductor Drivers 


INTRODUCTION 


Circuitry for driving high voltage cold cathode gas discharge 
7-segment displays, such as Sperry Information Displays* 
and Burroughs Panaplex Il, is greatly simplified by two 
monolithic integrated circuits from National Semiconductor. 
They are: DS8880 high voltage cathode decoder/driver and 
DS8884A high voltage cathode decoder/driver. 


In addition to satisfying all the displays’ parameter require- 
ments, including high output breakdown voltage, these cir- 
cuits have capability of programming segment current, and 
providing constant current sinking for the display segments. 
This feature alleviates the problem of achieving uniformity of 
brightness with unregulated display anode voltage. The Na- 
tional cirucits can drive the displays directly. 


Sperry Information Display* and Burroughs Panaplex II are 
used principally in calculators and digital instruments. These 
7-segment, multi-digit displays form characters by passing 
controlled currents through the appropriate anode/segqment 
combinations. The cathode in any digit will glow when a 
voltage greater than the ionization voltage is applied be- 
tween it (the cathode) and the anode for that digit. In the 
multiplexed mode of operation, a digit position is selected 
by driving the anode for that digit with a positive voltage 


pulse. At the same time, the selected cathode segments are 
driven with a negative current pulse. This causes the poten- 
tial between the anode and the selected cathodes to ex- 
ceed the ionization level, causing a visible glow discharge. 


Generally, these displays exhibit the following characteris- 
tics: low “on” current per segment—from 200 pA (in DC 
mode) to 1.2 mA (in multiplex mode); high tube anode sup- 
ply voltage—180V to 200V; and moderate ionization volt- 
age—170V. Once the element fires, operating voltage drops 
to approximately 150V and light output becomes a direct 
function of current, which is controlled by current limiting or 
current regulating cathode circuits. Current regulation there- 
fore is most desirable since brightness will then be constant 
for large anode voltage changes. Tube anode to cathode 
“off” voltage is approximately 100V; and maximum “off” 
cathode leakage is 3 pA to 5 pA. 


Correspondingly, specifications for the cathode driver must 
be complimentary, approximately as follows: A high “off” 
output breakdown voltage 80V minimum; typical ‘‘on” out- 
put voltage of 50V; maximum “‘on” output current of 1.5 mA 
per segment; and maximum “off” leakage current of 3 uA to 
5 pA. 


*Now called Beckman Displays 


National Semiconductor 
Application Note 84 


To allow operation without anode voltage regulation, the 
cathode driver must be able to sink a constant current in 
each output, with the output ‘‘on” voltage ranging from 5V 
to 50V (see Figure 7). The following is a brief description of 
the circuits now offered by National: 


OUTPUT CURRENT 


OUTPUT VOLTAGE (V) 


: TL/F/5871-1 
(a) Cathode Driver Output Characteristic 





Veo = 5V 

Vout = §0V 

Rp = 0 TEMP. COEF. 

0.2 mA < lout < 1.2 mA 





NORMALIZED ON CURRENT OR RATIO 


30 40 50 60 70 
Ta (°C) 
TL/F/5871-2 
(b) On Currents vs Temperature 
FIGURE 1 


DS8880 HIGH VOLTAGE CATHODE DECODER/DRIVER 


. The DS8880 offers 7-segment outputs with high output 


breakdown voltage of 80V minimum; constant current-sink 
outputs; and programmable output current from 0.2 mA to 
1.5 mA. 
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AN-84 


APPLICATION 


The circuit has a built-in BCD decoder and can interface 
directly to Sperry and Panaplex II displays, minimizing exter- 


DISPLAY 


OECODER/ORIVER 


MEMORY 


COUNTER 


nal components (Figure 2). The inputs can be driven by TTL 
or MOS outputs directly. It is optimized for use in systems 
with 5V supplies. 


Vaa 
(+170 - 200 VDC) 


SPERRY 
SP-730 OR 
SP-750 
DISPLAY TUBE 


OM5475 
QUAD LATCH 


COUNT 
QUTPUT 
0M5490 


DECADE 
COUNTER 


TL/F/5871-3 


FIGURE 2. DC Operation From TTL 


The DS8880 decoder/driver provides for unconditional as 
well as leading and trailing zero blanking. It utilizes negative 
input voltage clamp diodes. Typically, output current varies 
only 1% for output voltage changes of 3V to 50V. Operating 
power supply voltage is 5V. The device can be used for 


multiplexed or DC operation. 


Available in 16-pin cavity DIP packages, the DS7880 is 
guaranteed over the full military operating temperature 
range of —55°C to +125°C; the DS8880 in molded DIP 
over the industrial range of 0°C to + 70°C. 


DS8884A 
CATHODE 
ORIVER 


SPERRY 
DISPLAY 


CATHODES 


TL/F/5871-4 


FIGURE 3. Interfacing Directly With TTL Output 
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DS8884A HIGH VOLTAGE CATHODE 
DECODER/DRIVER 


The DS8884A offers 9-segment outputs with high output 
breakdown voltage of 80V minimum; constant current-sink 
outputs, programmable from 0.2 mA to 1.2 mA. It also offers 
input negative and positive voltage clamp diodes for DC re- 
storing, and low input load current of —0.25 mA maximum. 


pled to TTL (Figure 3) or MOS outputs (Figure 4), or AC-cou- 
pled to TTL or MOS outputs (Figure 5) using only a capaci- 
tor. This means the device is useful in applications where 
level shifting is required. It can be used in multiplexed oper- 
ation, and is available in an 18-pin molded DIP package. 


Other advantages of the DS8884A are: typical output cur- 
rent variation of 1% for output voltage changes of 3V to 


v8-NV 


50V; and operating power supply voltage of 5V. Inputs have 
pull-up resistors to increase noise immunity in AC coupled 
applications. 

The DS8884A is guaranteed over the 0°C to + 70°C operat- 
ing temperature range. 


APPLICATION 


DS8884A decodes four lines of BCD input and drives 7-seg- 
ment digits of gas-filled displays. There are two separate 
inputs and two additional outputs for direct control of deci- 
mal point and comma cathodes. The inputs can be DC cou- 


+5V 


+180V 
O 


8 SEGMENT LINES 


DS8887 
ANODE 
DRIVER 


BCD DS8884A 
CATHODE 
Mos ORIVER 
CALCULATOR 
CHIP 


PERRY 


Ss SPERRY 
DISPLAY 


DISPLAY 


TTEELERLE 
“Gd iti ttt Dp 
rVVVVVYV 
CATHODES 
CATHODES 


TO OTHER 
DISPLAYS 


TYP. COUPLING 


8 ANODE CONTROL LINES 
CAPACITOR 


TL/F/5871-5 
FIGURE 4. BCD Data Interfacing Directly With MOS Output 


-195V 
O 


Mos DS8884AA PANAPLEX II 
COUNTER CATHODE DISPLAY 
OR DRIVER | 
CALCULATOR 





CATHODES 


8 ANODE LINES 
1M TYP (8 PL) 


© 
-30V 
TL/F/5871-6 
Note: Capacitive coupling between the logic and the segment drivers may be used only when the segment drivers are turned “OFF” during digit-to-digit 
transistions. 


FIGURE 5. Cathode BCD Data AC Coupled From MOS-Output 
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MM5450/MM5451 


ZA National 


Semiconductor 


MM5450/MM5451 LED Display Drivers 


General Description 

The MM5450 and MM5451 are monolithic MOS integrated 
circuits utilizing N-channel metal-gate low threshold, en- 
hancement mode, and ion-implanted depletion mode devic- 
es. They are available in 40-pin molded or cavity dual-in-line 
packages. The MM5450/MM5451 is designed to drive com- 
mon anode-separate cathode LED displays. A single pin 
controls the LED display brightness by setting a reference 
current through a variable resistor connected to Vpp. 


Applications 

m COPS™ or microprocessor displays 

@ Industrial control indicator 

mw Relay driver 

m Digital clock, thermometer, counter, voltmeter 
m Instrumentation readouts 


Block Diagram 


BRIGHTNESS 
CONTROL 


(MM5450) 
OUTPUT 35 (MM5451} 


SERIAL 
DATA 


CLOCK 


Features 

™ Continuous brightness control 

@ Serial data input 

m@ No load signal required 

m Enable (on MM5450) 

m Wide power supply operation 

@ TTL compatibility : 
m@ 34 or 35 outputs, 15 mA sink capability 


_@ Alphanumeric capability 


Board = 49°C/W 
- Socket = 54°C/W 


@ Oya DIP 


OUTPUT 34 OUTPUT 1 


‘TL/F/6136-1 


FIGURE 1 





4-40 


Absolute Maximum Ratings 


lf Military/Aerospace specified devices are required, Power Dissipation at + 25°C 

please contact the National Semiconductor Sales Molded DIP Package, Board Mount 2.5W* 
Office/Distributors for availability and specifications. Molded DIP Package, Socket Mount 2.3W** 
Voltage at Any Pin Vss — 0.3V to Vsg + 12V *Molded DIP Package board mount, Oya = 49°C/W, 
peeing Jenene Bam ghoars Sor eee eoeiee Oya = 54°C/W 
Storage Temperature —65°C to + 150°C Ree aeiW he datas sie ae JA : 
Junction Temperature +150°C 


Lead Temperature (Soldering, 10 sec.) 300°C 


LSPSININ/OSPSINW 


Electrical Characteristics Tawithin operating range, Vpp = 4.75V to 11.0V, Vss = OV unless otherwise specified 


Parameter Units 
Power Supply 


Power Supply Current 


Input Voltages 
Logica! ‘‘0” Level (V_) +10 pA Input Bias 
Logical ‘1’ Level (Vy) 4,.75V < Vpp < 5.25V 

Vop > 5.25V 


Brightness Input (Note 2) 


Output Sink Current 
Segment OFF Vout = 3.0V 
Segment ON Vout = 1V (Note 3) 
Brightness Input = 0 pA 
Brightness Input = 100 pA 
Brightness Input = 750 pA 


Brightness Input Voltage (Pin 19) Input Current 750 pA 


Output Matching (Note 1) 


Clock Input (Notes 5 and 6) 
Frequency, fc 
High Time, th 
Low Time, t; 
Data Input 
Set-Up Time, tps 
Hold Time, tox 300 


Data Enable Input 
Set-Up Time, tpes 
Note 1: Output matching is calculated as the percent variation (Imax + IMin)/2. 


Note 2: With a fixed resistor on the brightness input pin, some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are complied with. 


Note 3: See Figures 5, 6, and 7 for Recommended Operating Conditions and limits. Absolute maximum for each output should be limited to 40 mA. 
Note 4: The Voyr voltage should be regulated by the user. See Figures 6 and 7 for allowable Vout vs lout operation. 

Note 5: AC input waveform specification for test purpose: t, < 20 ns, tp < 20 ns, f = 500 kHz, 50% +10% duty cycle. 

Note 6: Clock input rise and fall times must not exceed 300 ns. 


Connection Diagrams 





Dual-In-Line Package Dual-In-Line Package 





Vss OUTPUT BIT 18 Vs OUTPUT BIT 18 
OUTPUT BIT 17 OUTPUT BIT 19 OUTPUT BIT 17 OUTPUT BIT 19 
OUTPUT BIT 16 OUTPUT BIT 20 OUTPUT BIT 16 OUTPUT BIT 20 
QUTPUT BIT 15 OUTPUT BIT 21 OUTPUT BIT 15 OUTPUT BIT 21 
OUTPUT BIT 14 OUTPUT BIT 22 OUTPUT BIT 16 OUTPUT BIT 22 
OUTPUT BIT 13 OUTPUT BIT 23 OUTPUT BIT 13 OUTPUT BIT 23 
OUTPUT BIT 12 OUTPUT BIT 24 OUTPUT BIT 12 QUTPUT BIT 24 
OUTPUT BIT 11 OUTPUT BIT 25 OUTPUT BIT 11 OUTPUT BIT 25 
OUTPUT BIT 10 OUTPUT BIT 26 OUTPUT BIT 10 OUTPUT BIT 26 
OUTPUT BITS OUTPUT BIT 27 OUTPUT BIT9 OUTPUT BIT 27 
OuTPuT BIT 8 OUTPUT BIT 28 OUTPUT BIT 8 OUTPUT BIT 28 
OUTPUT BIT? OUTPUT BIT 29 OUTPUT BIT? OUTPUT BIT 29 
OUTPUT BIT 6 OUTPUT BIT 30 OUTPUT BIT 6 OUTPUT BIT 30 
OUTPUT BITS OuTPuT BIT 31 OUTPUT BITS OUTPUT BIT 31 
OUTPUT BIT4 OUTPUT BIT 32 OUTPUT BIT 4 OUTPUT BIT 32 
OUTPUT BIT3 OUTPUT BIT 33 OUTPUT BIT 3 OUTPUT BIT 33 
OUTPUT BIT 2 OUTPUT BIT 34 OUTPUT BIT 2 OUTPUT BIT 34 
OUTPUT BIT 1 DATA ENABLE OUTPUT BIT1 OUTPUT aT 35 

BRIGHTNESS CONTROL DATAIN BRIGHTNESS CONTROL OATAIN 


Yoo CLOCK IN Yoo CLOCK IN 
TL/F/6136-2 TL/F/6136-3 


Top View Top View 
FIGURE 2a FIGURE 2b 
Order Number MM5450N, MM5451N, MM5450V or MM5451V 
See NS Package Number N40A or V44A 
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MM5450/MM5451 


Connection Diagrams (Continued) 


OUTPUT BIT 13 
. OUTPUT BIT 12 
OUTPUT BIT 11 
OUTPUT BIT 10 
OUTPUT BIT 9 
N/C 

OUTPUT BIT 8 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BIT 5 
OUTPUT BIT 4 


OUTPUT BIT 13 
OUTPUT BIT 12 
OUTPUT BIT 11 
OUTPUT BIT 10 
OUTPUT BIT 9 

n/c 

OUTPUT BIT 8 

OUTPUT BIT 7 

OUTPUT BIT 6 

OUTPUT BIT 5 

OUTPUT BIT 4 


OUTPUT BIT 3 


OUTPUT BIT 3 


OUTPUT BIT 2 


Plastic Chip Carrier 


oO 
nn 

=< 

“2 


MM5450V 


OUTPUT BIT 1 
DATA ENABLE 
OUTPUT BIT 34 


BRIGHTNESS CONTROL 


Top View 


Plastic Chip Carrier 


OUTPUT BIT 16 
OUTPUT BIT 18 
OUTPUT BIT 20 


MMS451V 


OUTPUT BIT 1 
BRIGHTNESS CONTROL 


OUTPUT BIT 35 


Top View 


4-42 


OUTPUT BIT 21 


OUTPUT BIT 34 


OUTPUT BIT 33 


OUTPUT BIT 33 


OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 
OUTPUT BIT 27 
N/C 

OUTPUT BIT 28 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 


OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 
OUTPUT BIT 27 
n/c 

OUTPUT BIT 28 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 


TL/F/6136-13 


TL/F/6136~14 





Functional Description 


Both the MM5450 and the MM5451 are specifically de- 
signed to operate 4- or 5-digit alphanumeric displays with 
minimal interface with the display and the data source. Seri- 
al data transfer from the data source to the display driver is 
accomplished with 2 signals, serial data and clock. Using a 
format of a leading ‘‘1” followed by the 35 data bits allows 
data transfer without an additional load signal. The 35 data 
bits are latched after the 36th bit is complete, thus providing 
non-multiplexed, direct drive to the display. Outputs change 
only if the serial data bits differ from the previous time. Dis- 
play brightness is determined by control of the output cur- 
rent for LED displays. A 0.001 capacitor should be connect- 
ed to brightness control, pin 19, to prevent possible oscilla- 
tions. 


A block diagram is shown in Figure 7. For the MM5450 a 
DATA ENABLE is used instead of the 35th output. The 
DATA ENABLE input is a metal option for the MM5450. The 
output current is typically 20 times greater than the current 
into pin 19, which is set by an external variable resistor. 
There is an internal limiting resistor of 4002 nominal value. 


Figure 4 shows the input data format. A start bit of logical 
“1” precedes the 35 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 35 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are static master-slave configura- 
tion. There is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 


Vu —— 
CLOCK ‘i _ 


DATA ENABLE 
(MM5450) 


There must be a complete set of 36 clocks or the shift regis- 
ters will not clear. 


When the chip first powers ON an internal power ON reset 
signal is generated which resets all registers and all latches. 
The START bit and the first clock return the chip to its nor- 
mal! operation. 


Figure 2 shows the pin-out of the MM5450 and MM5451. Bit 
1 is the first bit following the start bit and it will appear on pin 
18. A logical ‘‘1” at the input will turn on the appropriate 
LED. 


Figure 3 shows the timing relationships between data, clock 
and DATA ENABLE. A max clock frequency of 0.5 MHz is 
assumed. 


For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than 1V Vout. The following 
equation can be used for calculations. 


Tj = (VouT) (ILED) (No. of segments)(@ja) + Ta 
where: 

Tj = junction temperature, 150°C max 

Vout = the voltage at the LED driver outputs 

{LED = the LED current 

63a = thermal coefficient of the package 

Ta = ambient temperature 

63a (Socket Mount) = 54°C/W 

63a (Board Mount) = 49°C/W 


The above equation was used to plot Figure 5, Figure 6 and 
Figure 7. 


TL/F/6136-4 


FIGURE 3 
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MM5450/MM5451 


Functional Description (continued 


1 36 


BIT34 «BIT 35 


DATA Sa eed ee J 


LOAD 
(INTERNAL) ey 


RESET ; | 
(INTERNAL) 


FIGURE 4. Input Data Format 


TL/F/6136-5 


Typical Performance Characteristics 


oe 
34 SEGMENTS A= sec 
5 Sea HA Ie asx 
HLL Ne Nee! LE 
NY 


Vout (Vo) 
OUTPUT CURRENT (mA) 


POWER DISSIPATION (W) 





|_| Ta 85°C 


"ep (mA) - NUMBER OF SEGMENTS 


TEMPERATURE (°C) TL/F/6136-7 


TL/F/6136-6 . 
FIGURE 5 | FIGURE 6 FIGURE 7 


Typical Applications 


RAW OC 
>aVv 


TL/F/6136-9 


FIGURE 8. Typical Application of Constant Current Brightness Control 


04046 
(VCO) 


TL/F/6136-10 
FIGURE 9. Brightness Control Varying the Duty Cycle 
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Typical Applications (continued) 


Basic Electronically Tuned Radio System 
LED DISPLAY 


“TE SIT 
a a ee | 


COPS 
ELECTRONIC 
TUNIN 
CONTROLLER 
STATION 


DETECT, ETC. 
TL/F/6136-11 


Duplexing 8 Digits with One MM5450 


FICICICICICI CIs 
LALA. 


28,40 32-39 


MM5450 


TL/F/6136-12 





LSPSININ/OSPSINW 





MM5452/MM5453 


4A National 


Semiconductor 


MM5452/MM5453 Liquid Crystal Display Drivers 


General Description 

The MM5452 is a monolithic integrated circuit utilizing 
CMOS metal gate, low threshold enhancement mode devic- 
es. It is available in a 40-pin molded package. The chip can 
drive up to 32 segments of LCD and can be paralleled to 
increase this number. The chip is capable of driving a 4 14- 
digit 7-segment display with minimal interface between the 
display and the data source. 

The MM5452 stores display data in latches after it is 
clocked in, and holds the data until new display data is re- 
ceived. 


Features 
m@ Serial data input 
@ No load signal required 


Block Diagram 


Vop 


DATA ENABLE (MMS5452) | 
QUTPUT 33 (MM5453) 


SERIAL 
DATA 


CLOCK 


mw DATA ENABLE (MM5452) 

m Wide power supply operation 

mg TTL compatibility 

@ 32 or 33 outputs 

m Alphanumeric and bar graph capability 
m Cascaded operation capability 


Applications 

m COPS™ or microprocessor displays 

m Industrial control indicator 

m Digital clock, thermometer, counter, voltmeter 
m Instrumentation readouts 

@ Remote displays 


BACKPLANE BACKPLANE 


ouT N OUTPUT 32 OUTPUT 1 


33 OUTPUT BUFFERS 
33 LATCHES 


35-BIT SHIFT REGISTERS Ea 


TL/F/6137-1 


FIGURE 1 





Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, Storage Temperature 
please contact the National Semiconductor Sales Power Dissipation 
Office/Distributors for availability and specifications. 


Voltage at Any Pin 
Operating Temperature 


Vsg to Vsg + 10V Junction Temperature 
°C to + 70°C Lead Temperature (Soldering, 10 sec.) 


Electrical Characteristics 
Ta within operating range, Vpp = 3.0V to 10V, Vss = OV, unless otherwise specified 


eee ee ee Units 


Parameter 
Power Supply 
Power Supply Current 


Clock Frequency 


Input Voltages 
Logical ‘0’ Level 


Logical ‘1’ Level 


Output Current Levels 
Segments 
Sink 
Source 
Backplane 
Sink 
Source 
Output Offset Voltage 


Clock Input Frequency, fc 


High Time, t, 
Low Time, t; 


Data Input 
Set-Up Time, tps 
Hold Time, tox 


Data Enable Input 
Set-Up Time, topes 


Excluding Outputs 
OSC = Vszg, BP IN @ 32 Hz 
Vpp = 5V, Open Outputs, No Clock 


Vop < 4.75 
Vpp 2 4.75 
Vop > 5.25 
Vop < 5.25 


Vpp = 3V, VouT = 0.3V 


Vop = 3V, Vout = Vpop — 0.3V 


Vop = 3V, Vout = 0.3V 
Vpp = 3V, Vout = Vop — 0.3V 


Segment Load 250 pF 
Backplane Load 8750 pF (Note 1) 


(Notes 2 and 3) 





—65°C to + 150°C 


300 mW at + 70°C 
350 mW at + 25°C 


+ 150°C 
300°C 


Note 1: This parameter is guaranteed (not 100% production tested) over operating temperature and supply voltage ranges. Not to be used in Q.A. testing. 
Note 2: AC input waveform for test purpose: t, < 20 ns, ts < 20 ns, f = 500 kHz, 50% +10% duty cycle. 
Note 3: Clock input rise and fall times must not exceed 300 ns. 
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MM5452/MM5453 


Connection Diagrams 


Dual-In-Line Package 


V5 OUTPUT BIT 18 
OUTPUT BIT 17 OUTPUT BIT 19 
OUTPUT BIT 16 OUTPUT BIT 20 
OUTPUT BIT 15 OUTPUT BIT 24 
OUTPUT BIT 14 OUTPUT BIT 22 
OUTPUT BIT 13 OUTPUT BIT 23 
OUTPUT BIT 12 OUTPUT BIT 24 
OUTPUT BIT 11 OUTPUT BIT 25 
OUTPUT BIT 10 OUTPUT BIT 26 
OUTPUT BIT 9 OUTPUT BIT 27 
OUTPUT BIT 8 OUTPUT BIT 28 
OUTPUT BIT 7 OUTPUT BIT 29 
OUTPUT BIT 6 OUTPUT BIT 30 
OUTPUT BIT 5 OUTPUT BIT 31 
OUTPUT BIT 4 OUTPUT BIT 32 
OUTPUT BIT 3 DATKENABLE 
OUTPUT BIT 2 BACKPLANE IN 
OUTPUT BIT 1 BACKPLANE OUT 
OSC IN DATAIN 
Voo CLOCK IN 
TL/F/6137-2 
Top View 
FIGURE 2a 


Plastic Chip Carrier 


OUTPUT BIT 16 
OUTPUT BIT 17 
OUTPUT BIT 18 
OUTPUT BIT 19 
OUTPUT BIT 21 
OUTPUT BIT 22 


x2 
et & 
o o 
ere 
Re 
EE 
oo 


Vss 
N/C 


OUTPUT BIT 13 
OUTPUT BIT 12 
OUTPUT BIT 11 
OUTPUT BIT 10 
OUTPUT BIT 9 
OUTPUT BIT 8 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BIT 5 
OUTPUT BIT 4 
OUTPUT BIT 3 


OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 
OUTPUT BIT 27 
OUTPUT BIT 28 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 
N/C 


MM5452V 


OUTPUT BIT 2 
OUTPUT BIT 1 
CLOCK IN 
BACKPLANE OUT 
BACKPLANE IN 
DATA ENABLE 


TL/F/6137-11 
Top View 


Dual-In-Line Package 


Vg OUTPUT BIT 18 

OUTPUT BIT 17 OUTPUT BIT 19 
OUTPUT BIT 16 OUTPUT BIT 20 
OUTPUT BIT 15 OUTPUT BIT 21 
OUTPUT BIT 14 OUTPUT BIT 22 
OUTPUT BIT 13 OUTPUT BIT 23 
OUTPUT BIT 12 OUTPUT BIT 24 
OUTPUT BIT 11 OUTPUT BIT 25 
OUTPUT BIT 10 OUTPUT BIT 26 

OUTPUT BIT 9 OUTPUT BIT 27 

OUTPUT BIT 8 OUTPUT BIT 28 

OUTPUT BIT? OUTPUT BIT 29 

OUTPUT BIT 6 OUTPUT BIT 30 

OUTPUT BITS OUTPUT BIT 31 

OUTPUT BIT 4 OUTPUT BIT 32 

OUTPUT BIT 3 OUTPUT BIT 33 

OUTPUT BIT 2 BACKPLANE IN 

OUTPUT BIT? BACKPLANE OUT 

OSC IN DATAIN 
Voo CLOCK IN 
TL/F/6137-3 
Top View 
FIGURE 2b 


Plastic Chip Carrier 


OUTPUT BIT 14 
OUTPUT BIT 15 
OUTPUT BIT 16 
OUTPUT BIT 19 
OUTPUT BIT 21 


OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 
OUTPUT BIT 27 
OUTPUT BIT 28 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 
OUTPUT BIT 33 


OUTPUT BIT 13 
OUTPUT BIT 12 
OUTPUT BIT 11 
OUTPUT BIT 10 
OUTPUT BIT 9 
OUTPUT BIT 8 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BIT 5 
OUTPUT BIT 4 
OUTPUT BIT 3 


MM5453V 


OUTPUT BIT 2 
OUTPUT BIT 1 
CLOCK IN 
BACKPLANE OUT 
BACKPLANE IN 


TL/F/6137-12 
Top View 


Order Number MM5452N, MM5453N, 
MM5452V or MM5453V 
See NS Package Number N40A or V44A 


Functional Description 


The MM5482 is specifically designed to operate 4 1/2-digit 7- 
segment displays with minimal interface with the display and 
the data source. Serial data transfer from the data source to 
the display driver is accomplished with 2 signals, seria! data 
and clock. Since the MM5452 does not contain a character 
generator, the formatting of the segment information must 
be done prior to inputting the data to the MM5452. Using a 
format of a leading ‘‘1”’ followed by the 32 data bits allows 
data transfer without an additional load signal. The 32 data 
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bits are latched after the 36th clock is complete, thus pro- 
viding non-multiplexed, direct drive to the display. Outputs 
change only if the serial data bits differ from the previous 
time. 


A block diagram is shown in Figure 7. For the MM5452 a 
DATA ENABLE is used instead of the 33rd output. If the 
DATA ENABLE signal is not required, the 33rd output can 
be brought out. This is the MM5453 device. 





Functional Description (Continuea) 


Figure 4 shows the input data format. A start bit of logical 
“1” precedes the 32 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 32 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are static master-slave configura- 
tion. There is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 


DATA 


DATA ENABLE 
(MM5452) 


If the clock is not continuous, there must be a complete set 
of 36 clocks otherwise the shift registers will not clear. 


Figure 2a shows the pin-out of the MM5482. Bit 1 is the first 
bit following the start bit and it will appear on pin 18. 


Figure 3 shows the timing relationships between data, clock 
and DATA ENABLE. 


TL/F/6137-4 


FIGURE 3 


1 


36 


START BIT 1 


BIT35 —s BIT 36 


LOAD 
(INTERNAL) 


RESET 
(INTERNAL) a A SI 


ee ee 


TL/F/6137-5 


FIGURE 4. Input Data Format 


4-49 





ESPSININ/2SPSWN 


MM5452/MM5453 


Functional Description (Continueg) 

Figure 5 shows a typical application. Note how the input are controllable. This application assumes a specific display 
data maps to the output pins and the display. The MM5452 pinout. Different display/driver connection patterns will, of 
and MM5453 do not have format restrictions, as all outputs course, yield a different input data format. 


CIC 
A A A 


1 OP E1 01 Ct OP E2 02 C2 OP E3 03 C3 OP E4 D4 C4 BA 


G 


BACKPLANE OUT 


BACKPLANE IN ae 


aa 


LEFT END 2ND 3RD 4TH 
DECIMAL DECIMAL DECIMAL DECIMAL 


POINT POINT 
POINT POINT 3R0 DIGIT 


| 1ST DIGIT 2N0 DIGIT | | 
| PE Telefefofetefat fe fefe lope] ee] fofafefopeat ates]. 


am TEL 


TL/F/6137-6 


DATA FORMAT 


TIME ——~ 


Consult LCD manufacturer's data sheet for specific pinouts. 


FIGURE 5. Typical 414-Digit Display Application 
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Functional Description (continued) 
DISPLAY 


FICICICIMCICI 
a ay a 0 


BACKPLANE |_| 


TL/F/6137-7 
*The minimum recommended value for R for the oscillator input is 9 kN. An RC time constant of approximately 
4.91 x 10-4 should produce a backplane frequency between 30 Hz and 150 Hz. 


FIGURE 6. Parallel Backplane Outputs 


I[LICICIt 
(A a a a 


| | BACKPLANE 


2 X BACKPLANE 
DRIVE FREQUENCY 


TL/F/6137-8 
FIGURE 7. External Backplane Clock 


Figure 8 shows a four wire remote display that takes advan- Figure 9 is a general block diagram that shows how the 
tage of the device's serial input to move many bits of display device's serial input can be used to advantage in an analog 
information on a few wires. display. The analog voltage input is compared with a stair- 
case voltage generated by a counter and a digital-to-analog 
USING AN EXTERNEE eueerk: converter or resistor array. The result of this comparison is 
The MM5452/MM5453 LCD Drivers can be used with an clocked into the MM5452, MM5453. The next clock pulse 
externally supplied clock, provided it has a duty cycle of increments the staircase and clocks the new data in. 
BO Tes Beviatons rom 890 Guly, cycle: fesult nia Oteet With a buffer amplifier, the same staircase waveform can be 
vollage eine een igure 4 a Tip-tlop use tO aeeure used for many displays. The digital-to-analog converter 
ae duty syele- Piss Oneilatos apts grounded bs Rie need not be linear; logarithmic or other non-linear functions 
vent oscillation and reduce current consumptions in the can be displayed by using weighted resistors or special 
Chips LNG Osclalocis OLUSed: DACs. This system can be used for status indicators, spec- 
Using an external clock allows synchronizing the display trum analyzers, audio level and power meters, tuning indica- 
drive with AC power, internal clocks, or DVM integration tors, and other applications. 
time to reduce interference from the display. 
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MM5452/MM5453 


Functional Description (continued) 


FICCI EY 
A a | 


BACKPLANE 
ve 


BP OUT BPIN 
DATA 


CAPACITOR 
CLOCK 


TL/F/6137-9 
FIGURE 8. Four Wire Remote Display 


LCD BAR GRAPH DISPLAY 


ANALOG VOLTAGE IN 


COUNTER 


DIGITAL-TO- 
ANALOG | 
CONVERTER 


COMPARATOR 


STAIRCASE LOW TO SET 
WAVEFORM START BIT DATAIN 


Sain 


BIT 
TL/F/6137-10 
Data is high until staircase > input 


FIGURE 9. Analog Display 
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OsPSWiN 


ZA National 


Semiconductor 


MM5480 LED Display Driver 


General Description @ No load signal required 


The MM5480 is a monolithic MOS integrated circuit utilizing 9 hs sania ply operation 

N-channel metal gate low threshold, enhancement mode - compel ity - 

and ion-implanted depletion mode devices. It utilizes the | Alphanumeric capability 

MM5451 die packaged in a 28-pin package making it ideal ™ 3'/ digit displays 

for a 3% digit display. The MM5480 is designed to drive : s 

common anode-separate cathode LED displays. A singe Applications 

pin controls the LED display brightness by setting a refer- © ™| COPS™ microcontrollers or microprocessor displays 
ence current through a variable resistor connected either to —m Industrial control indicator 

Vpp or to a separate supply of 11V maximum. m Relay driver 

m Digital clock, thermometer, counter, voltmeter 
= Instrumentation readouts 


Features 
@ Continuous brightness control 
m™ Serial data input 


Block Diagram 
OUTPUT 23 OUTPUT 1 


BRIGHTNESS 
CONTROL 


eS 35 OUTPUT BUFFERS 


CLOCK 


35 LATCHES Ed 


" TL/F/6138-1 
FIGURE 1 


Connection Diagram 
Dual-In-Line Package 


Vss 
OUTPUT BIT 11 


OUTPUT BIT 10 
OUTPUT BIT 9 
OUTPUT BIT 8 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BIT 5 
4 
3 
2 
1 





Order Number MM5480N 
OUTPUT BIT 19 See NS Package Number N28B 


OUTPUT BIT 20 
OUTPUT BIT 21 
OUTPUT BIT OUTPUT BIT 22 
OUTPUT BIT OUTPUT BIT 23 
BRIGHT. CONT. DATA IN 

Yop CLOCK 


MM5480 


oon Om nO kr WD = 


OUTPUT BIT 
OUTPUT BIT 


TL/F/6138-2 
Top View 
FIGURE 2 
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MM5480 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, Power Dissipation at 25°C 
please contact the National Semiconductor Sales Molded DIP Package, Board Mount 2.4W* 
Office/Distributors for availability and specifications. Molded DIP Package, Socket Mount 2.1W** 


Voltage at Any Pin Vssg — 0.3V to Vgsg + 12V Junction Temperature : 150°C 


Storage Temperature —65°C to + 150°C Lead Temperature (Soldering, 10 sec.) 300°C 
*Molded DIP Package, Board Mount, 6y4 = 52°C/W, Derate 19.2 mW/°C 
above 25°C. 


**Molded DIP Package, Socket Mount, 6), = 58°C/W, Derate 17.2 mW/°C 
above 25°C. 


Electrical Characteristics 
Ta = —25°C to + 85°C, Vop = 4.75V to 11.0V, Vsg = OV unless otherwise specified 


Symbol eS ee ee a Units 
Power Supply Current Excluding Output Loads 


Input Voltage +10 pA Input Bias 
Logical ‘‘O” Level 
Input Voltage 4,.75V < Vpp < 5.25V 28 | fn 


Brightness Input Current 
(Note 2) 

loH Output Sink Current (Note 3) VouT = -3.0V 
Segment OFF 


Output Sink Current (Note 3) Vout = 1V 
Segment ON - Brightness Input = 0 pA ye . 
Brightness Input = 100 pA s 0 
Brightness Input = 750 pA 15.0 5 
ViBR Brightness Input Voltage Input Current = 750 pA 
(Pin 13) 


OM Output Matching (Note 1) aes ees ee eT 


AC Electrical Characteristics 1, = —25°c to +85°C, Vpp = 5V +0.5V 


|__Parameter__—|__Conaitions | _win_ | tye | Max_| 
| Glock InputFrequency | (NotesSande) | oc | | 500 
| HighTime | Ts 
| towtime | Ts 
| DatainputsetupTime | | oo | | 
|__Datainputtioitime |_| oP | 


Note 1: Output matching is calculated as the percent variation from (Imax + Imin)/2. 
Note 2: With a fixed resistor on the brightness input pin some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are complied with. 


Note 3: Absolute maximum for each output should be limited to 40 mA. 

Note 4: The Vout voltage should be regulated by the user. 

Note 5: AC input waveform specification for test purpose: t, < 20 ns, tp < 20 ns, f = 500 kHz, 50% +10% duty cycle. 
Note 6: Clock input rise and fall times must not exceed 300 ns. 
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Functional Description 


The MM5480 is specifically designed to operate 31/-digit 
alphanumeric displays with minimal interface with the dis- 
play and the data source. Serial data transfer from the data 
source to the display driver is accomplished with 2 signals, 
serial data and clock. Using a format of a leading ‘1’ fol- 
lowed by the 35 data bits allows data transfer without an 
additional load signal. The 35 data bits are latched after the 
36th bit is complete, thus providing non-multiplexed, direct 
drive to the display. Outputs change only if the serial data 
bits differ from the previous time. Display brightness is de- 
termined by control of the output current for LED displays. A 
0.001 pF ceramic or mica disc capacitor should be connect- 
ed to brightness control, pin 13, to prevent possible oscilla- 
tions. 


A block diagram is shown in Figure 7. The output current is 
typically 20 times greater than the current into pin 13, which 
is set by an external variable resistor. There is an internal 
limiting resistor of 400M nominal value. 


Figure 4 shows the input data format. A start bit of logical 
“1” precedes the 35 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 35 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are static master-slave configura- 
tion. There is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 


th 


Vy— 
CLOCK VL 


DATA 


There must be a complete set of 36 clocks or the shift regis- 
ters will not clear. 

When the chip first powers ON an internal power ON reset 
signal is generated which resets all registers and all latches. 
The START bit and the first clock return the chip to its nor- 
mal operation. 

Figure 5 shows the Output Data Format for the 5480. Be- 
cause it uses only 23 of the possible 35 outputs, 12 of the 
bits are ‘Don’t Cares’. 

Figure 3 shows the timing relationships between data and 
clock. A maximum clock frequency of 0.5 MHz is assumed. 


For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than 1V Vout. The following 
equation can be used for calculations. 


Tj = (Vout) (ILED) (No. of segments) (8 ya) + Ta 
where: 
Tj = junction temperature, 150°C max. 
VouT = the voltage at the LED driver outputs 
ILED = the LED current 
63a = thermal coefficient of the package 
Ta = ambient temperature 
6a (Socket Mount) = 58°C/W 
65a (Board Mount) = 52°C/W 


TL/F/6138-3 


FIGURE 3 


1 


36 


START 


weanwe eawneea 
weeoens wodbes 





LOAD 
(INTERNAL) 
RESET | | 
(INTERNAL) 
nn 


FIGURE 4. input Data Format 
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FIGURE 5. Output Data Format 
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Functional Description (Continued) 


POWER DISSIPATION (W) 


2.5 


panna 
19 1k 


: TL/F/6138-5 
FIGURE 6. Typical Application of Constant Current Brightness Control 


5V 


MM74HC123 


Siousl 


= TL/F/6138-6 
FIGURE 7. Brightness Control Varying the Duty Cycle 


Safe Operating Area Basic 31,-Digit Interface 


HSS " aoe: 
~ mA, SEGMENT 


> SAFE SAN t 
REA 





20 40 60 80 = 100 MM5480 
TEMPERATURE (°C) DRIVER 


TL/F/6138-7 


CLOCK DATA 
TL/F/6138-8 
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ZA National 


Semiconductor 


MM5481 LED Display Driver 


General Description No load signal required 


The 5481 is a monolithic MOS integrated circuit utilizing N- | bai ti 
channel metal gate low threshold, enhancement mode and ee iaiusehea aa e epelaien 
ion-implanted depletion mode devices. It utilizes the TTL compatibility 
MM5450 die packaged in a 20-pin package making it ideal Alphanumeric capability 
for a 2 digit display. The MM5481 is designed to drive com- 2 digit LED driver 
mon anode-separate cathode LED displays. A single pin . : 
controls the LED display brightness by setting a reference Applications 
current through a variable resistor connected either to Vpp =m COPS or microprocessor displays 
or to a separate supply of 11V maximum. g Industrial control indicator 
F m Relay driver 
eatures m Instrumentation readouts 
m@ Continuous brightness control 
m@ Serial data input 


Block and Connection Diagrams 


OUTPUT 14 OUTPUT 1 


BRIGHTNESS 
CONTROL 


35 OUTPUT BUFFERS 
35 LATCHES 
SERIAL DATA Le 35=BIT SHIFT REGISTER Bi 


CLOCK 


TL/F/6139=1 
FIGURE 1 


Dual-in-Line Package 


OUTPUT BIT 9 
OUTPUT BIT 10 
OUTPUT BIT 11 
OUTPUT BIT 12 
OUTPUT BIT 13 


OUTPUT BIT 
OUTPUT BIT 
OUTPUT BIT 
OUTPUT BIT 
OUTPUT BIT 
OUTPUT BIT 
OUTPUT BIT 
OUTPUT BIT 
BRIGHT CONT. 


MM5481 
Vs 
OUTPUT BIT 14 


DATA ENABLE 
DATA IN 
CLOCK 


—=_ NW Pr oom I @ 
oan 7m a F&F Ww DH = 


= 
oO 


Yop 
TL/F/6139-2 

Top View 

FIGURE 2 


Order Number MM5481N 
See NS Package Number N20A 
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MM5481 


Absolute Maximum Ratings 
Voltage at Any Pin Vss to Vsg + 12V 
Storage Temperature —65°C to + 150°C 


Power Dissipation at 25°C 
Molded DIP Package, Board Mount 
Molded DIP Package, Socket Mount 


2W* 
1.8W** 


Electrical Characteristics 
Ta = —25°C to +85°C, Vop = 


Junction Temperature +150°C 


Lead Temperature (Soldering, 10 sec.) 300°C 
*Molded DIP Package, Board Mount, @jq = 61°C/W, Derate 16.4 mW/°C 
above 25°C. 


**Molded DIP Package, Socket Mount, @ja = 67°C/W, Derate 14.9 mW/°C 
above 25°C. 


4.75V to 11.0V, Vsg = OV unless otherwise specified 


Symbol Conditions | min | typ | Max | Units 


Vpp 
Ipp 


VIL Input Voltages 


Logical ‘‘O” Level 


Logical “1’’ Level 


Power Supply -—__| 47 {fn v 
Power Supply Current Excluding Output Loads eee ae ee 


+10 pA Input Bias [anatase [aa | [ws |v 


| 4.75 <Vpp <5.25 | 


ey aaa re ea es 


Brightness Input Current 
(Note 2) 


Output Sink Current 
(Note 3) 
Segment OFF 


Segment ON 


oon a 


Vout = 3.0V | [ee | 


Vout = 1V (Note 4) 
Brightness Input = 0 pA 
Brightness Input = 100 pA 
Brightness Input = 


a 
a 


750 pA 


ViBR Brightness wee Voltage Input Current = 750 pA eran DET Te ae 3 
ae 9) 


OM Output | Output Matching (Note 1) (Note 1) 


AC Electrical Characteristics 1, = —25°c to + 85°C, Vpp = 5V + 0.5V 


| Parameter | Conditions, |_ Min. | Typ | Max _| 
Clock Input Frequency (Notes 5 and 6) a a 


High Time 


| towtime | so 


Data Input 
Set-Up Time 
Hold Time 





Data Enable Input 
Set-Up Time 


Note 1: Output matching is calculated as the percent variation from Imax + IMin/2. 


Note 2: With a fixed resistor on the brightness input pin some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are compiled with. 


Note 3: Absolute maximum for each output should be limited to 40 mA. 
Note 4: The Voy voltage should be regulated by the user. 


Note 5: AC input waveform specification for test purpose: t, < 20 ns, ts < 20 ns, f = 500 kHz, 50% + 10% duty cycle. 


Note 6: Clock input rise and fall times must not exceed 300 ns. 
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Functional Description 


The MM5481 uses the MM5450 die which is packaged to 
operate 2-digit alphanumeric displays with minimal interfer- 
ence to the display and the data source. Serial data transfer 
from the data source to the display driver is accomplished 
with 2 signals, serial data and clock. Using a format of a 
leading “1” followed by the 35 data bits allows data transfer 
without an additional load signal. The 35 data bits are 
latched after the 36th bit is complete, thus providing non- 
multiplexed, direct drive to the display. Outputs change only 
if the serial data bits differ from the previous time. Display 
brightness is determined by control of the output current for 
LED displays. A 0.001 ;zF capacitor should be connected to 
brightness control, pin 9, to prevent possible oscillations. 


A block diagram is shown in Figure 7. The output current is 
typically 20 times greater than the current into pin 9, which 
is set by an external variable resistor. There is an internal 
limiting resistor of 4000 nominal value. 

Figure 4 shows the input data format. A start bit of logical 
“1” precedes the 35 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 35 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are a static master-slave configu- 
ration. There is no clear for the master portion of the first 
shift register, thus allowing continous operation. 

There must be a complete set of 36 clocks or the shift regis- 
ters will not clear. 


tou 


Vy-—— 
CLOCK Vi. 
DATA 


DATA ENABLE 


When the chip first powers ON an internal power ON reset 
signal is generated which resets all registers and all latches. 
The START bit and the first clock return the chip to its nor- 
mal operation. 

Figure 5 shows the Output Data Format for the MM5481. 
Because it uses only 14 of the possible 34 outputs, 20 of the 
bits are ‘Don’t Cares’. Note that only alternate groups of 4 
outputs are used. 

Figure 3 shows the timing relationships between data, 
clock, and data enable. A maximum clock frequency of 
0.5 MHz is assumed. 

For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than 1V Voyr. The following 
equation can be used for calculations. 


Tj = (Vout) (ILED) (No. of segments) (Oya) + Ta 
where: 


Tj = junction temperature, 150°C max. 

Vout = the voltage at the LED driver outputs 
lLEp = the LED current 

63a = thermal coefficient of the package 

Ta = ambient temperature 

65a (Socket Mount) = 67°C/W 

85a (Board Mount) = 61°C/W 


TL/F/6139~3 


FIGURE 3. Timing 
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FIGURE 4. Input Data Format 
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FIGURE 5. Output Data Format 
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Functional Description (Continued) 


TL/F/6139-5 
FIGURE 6. Typical Application of Constant Current Brightness Control 


5V 


oe MM74HC123 - MM5481 
15 


St0us Lb 





co TL/F/6139-6 
FIGURE 7. Brightness Control Varying the Duty Cycle 


Safe Operating Area Basic Electronically Tuned Television System 


34 SEGMENTS 
out =! 
15 MA/SEGMENT 


LED DISPLAY 


POWER DISSIPATION (W) 


SS SS a MM5481 


DISPLAY 


’ TEMPERATURE (°C) - DRIVER 


TL/F/6139-7 


PROCESSOR 
RETBOARD (COPS, ETC.) 
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ZA National 


Semiconductor 


MM5483 Liquid Crystal Display Driver 


General Description m Wide power supply operation 
m TTL compatibility 


The MM5483 is a monolithic integrated circuit utilizing 
CMOS metal-gate low-threshold enhancement mode devic- 
es. It is available in a 40-pin molded package. The chip can 


mw 31 segment outputs 
Alphanumeric and bar graph capability 


drive up to 31 segments of LCD and can be cascaded to &@ Cascade capability 


increase this number. This chip is capable of driving a 41/- 


digit 7-segment display with minimal interface between the Applications 
display and the data source. | COPS™ or microprocessor displays 
The MM5483 stores the display data in latches after it is | ™ Industrial control indicator 
latched in, and holds the data unti! another load pulse is —_m Digital clock, thermometer, counter, voltmeter 
received g Instrumentation readouts 
5 Remote displays 


Features 
m Serial data input 
m™ Serial data output 


Block and Connection Diagrams 


BACKPLANE BACKPLANE 
OUT IN OUTPUT 31 


OUTPUT 1 


aoe alle 
pt 


1 


FIGURE 1 


Dual-In-Line Package 


Vss 

OUTPUT BIT 16 
OUTPUT BIT 15 
OUTPUT BIT 14 
OUTPUT BIT 13 
OUTPUT BIT 12 
OUTPUT BIT 11 
OUTPUT BIT 10 
OUTPUT BIT 9 

OUTPUT BIT 8 

QUTPUT BIT 7 

OUTPUT BIT 6 

OUTPUT BIT 5 

OUTPUT BIT 4 

OUTPUT BIT 3 

OUTPUT BIT 2 

OUTPUT BIT 1 

DATA OUT 

OSC IN 

Von 


oOmaont onunk WN = 


MM5483 


Top View 
FIGURE 2 
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TL/F/6140-1 


OUTPUT BIT 17 
OUTPUT BIT 18 
OUTPUT BIT 19 
OUTPUT BIT 20 
OUTPUT BIT 21 
OUTPUT BIT 22 
OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 


OUTPUT BIT 27 
OUTPUT BIT 28 Order Number MM5483N 


OUTPUT BIT 29 See NS Package Number N40A 


OUTPUT BIT 30 
OUTPUT BIT 31 
LOAD 
BACKPLANE IN 
BACKPLANE OUT 
DATA IN 

CLOCK IN 


TL/F/6140-2 
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MM5483 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Voltage at Any Pin Vss to Vsg + 10V 
Operating Temperature — 40°C to + 85°C 
Storage Temperature —65°C to + 150°C 


DC Electrical Characteristics 


~ 300 mW at +85°C 
350 mW at +25°C 


+ 150°C 


Power Dissipation 


Junction Temperature 


Lead Temperature’... 


(Soldering, 10 seconds) 300°C 


Ta within operating range, Vpp = 3.0V to 10V, Vsg = OV, unless otherwise specified 


Parameter 
Power Supply 


Power Supply Current R = 1M, C = 470 pF, 
Outputs Open 

Vop = 3.0V 

Vpp = 5.0V 


Vpp = 10.0V 


OSC = OV, Outputs Open, 
BPIN = 32 Hz, Vpp = 3.0V 


Load, Clock, Data 
Vop = 5.0V 
Vpp = 5.0V 


Input Voltage Levels 
Logic ‘‘0” 
Logic ‘‘1” 
Logic ‘‘0”’ 
Logic ‘‘1” 


Vpp = 3.0V 
Vop = 3.0V 


Output Current Levels 
Segments and Data Out 


wo — = 
— i 


1.5 


N 
hb 


Sink 
Source 
BP OUT 
Sink 
Source 


Vpp = 3.0V, Vout = 0.3V 
Vop = 3.0V, Vout = 2.7V 


Vop = 3.0V, Vout = 0.3V 
Vop = 3.0V, Vout = 2.7V 





- 90 es 
20 
20 


AC Electrical Characteristics Vpp = 4.7V, Vss = OV unless otherwise specified 


Symbol Parameter 


| Min | typ | 
fc Clock Frequency, Vpp = 3V a ike 
to (Notes1,2) | 600 | 
to. Lee eee 
tos | soo | 


tbH 


|__DataHoldTimeafterCiock | too, | | 
| Minimum LoadPulse width | soo. | | 
| boadtociock | to | 
tooo |_—Olocktobatavalid | ft] 780 


Note 1: AC input waveform specification for test purpose: t, < 20 ns, ts < 20 ns, f = 500 kHz, 50% +10% duty cycle. 
Note 2: Clock input rise and fall times must not exceed 300 ns. 
Note 3: Output offset voltage is +50 mV with CseEquent = 250 pF, Cgp = 8750 pF. 


tLw 
ttc 


Functional Description 


A block diagram for the MM5483 is shown in Figure 1 anda 
package pinout is shown in Figure 2. Figure 3 shows a pos- 
sible 3-wire connection system with a typical signa! format 
for Figure 3. Shown in Figure 4, the load input is an asyn- 
chronous input and Jets data through from the shift register 
to the output buffers any time it is high. The load input can 
be connected to Vpp for 2-wire control as shown in Figure 
5. In the 2-wire control mode, 31 bits (or less depending on 
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the number of segments used) of data are clocked into the 
MM5483 in a short time frame (with less than 0.1 second 
there probably will be no noticeable flicker) with no more 
clocks until new information is to be displayed. If data was 
slowly clocked in, it can be seen to “walk” across the dis- 
play in the 2-wire mode. An AC timing diagram can be seen 
in Figure 6. \t should be noted that data out is not a TTL- 
compatible output. 





Functional Description (continue) 


LCD DISPLAY 
BP 
31 


BPO BPIN OUT 1-31 BPIN OUT 1-31 
DATA IN DATA OUT DATA IN DATA OUT PF 


ESPSiNN 


OSC 
LOAD CLK 


TL/F/6140-3 


BIT1 BIT2 BIT 30_ BIT 31 


J LULL 
jE Sem Ge Sa ERY Ec Gen OE 


TIME —> 


FIGURE 4. Data Format Diagram 


TL/F/6140-4 


LCD DISPLAY 


DATA OUT 
CLK LOAD 


TL/F/6140-5 





on —ILTC 


LOAD / \ 
| | 


sel tepo |= 


> ca Ge 


FIGURE 6. Timing Diagram 


TL/F/6140-6 
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MM5484 


ZA National 


Semiconductor 


MM5484 16-Segment LED Display Driver 


a MM5484 is cascadeable 


General Description a Trl compatbiny 


The MM5484 is a low threshold N-channel metal gate circuit a No load sianel sequiéd 
using low threshold enhancement and ion implanted deple- ; g ; q 

tion devices. The MM5484 is available in a 22-pin molded | Non multiplex display 
package and is capable of driving 16 LED segments. The ™ 2% digit capability—MM5484 


MM5484 is designed to drive common anode separate cath- 7 : 
ode LED displays. Applications 
= COPS™ or microprocessor displays 
Features @ Instrumentation readouts 
m@ Serial data input m Industrial control indicator 
mw Wide power supply operation m Relay driver 
m@ 16 output, 15 mA sink capability 


Block and Connection Diagrams 


16 SEGMENT OUTPUTS 


OUTPUT 
BUFFERS 


LATCHES 


16 BIT SHIFT 
REGISTER 


TL/F/6141=4 
FIGURE 1. MM5484 


Dual-In-Line Package 


oaonrnanrk & ye = 


TL/F/6141-3 
Top View 


Order Number MM5484N 
See NS Package Number N22A 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Voltage at LED Outputs Vsg -— 0.5V to Vgg + 12V 
Voltage at Other Pins Vsg — 0.5V to Vsg + 10V 


Operating Temperature 

Storage Temperature 

Power Dissipation at 25°C 
Molded DIP Package, board mount 
Molded DIP Package, socket mount 

*Molded DIP Package, board mount, 
derate 15.8m W/°C above 25°C. 

**Molded DIP Package, socket mount, 
derate 14.5m W/°C above 25°C. 


Lead Temperature (Soldering, 10 sec.) 


— 40°C to +85°C 
—40°C to + 150°C 


2w* 

1.8W** 

Oya = 63°C/W, 
Oya = 69°C/W, 


300°C 


DC Electrical Characteristics vpp = 4.5v to 9v, Ta = —40°C to + 85°C unless otherwise specified 


Parameter 
Supply Voltage 
Supply Current 


Logic One 
Input High Level Vip 


Logic Zero 
Input Low Level Vi, 
Input Current 
Input Capacitance 


Data Output Voltage 
High Level Von lout = 0.1 mA 
Low Level Vo. lout = —0.1 mA 
Segment Off Vout = 12V 
(Logic Zero on Input) Rext = 4000 


Output Current Segment On 
(Logic One on Input) lout = 15mA 
Output Voltage Vpp 2 6V 


AC Electrical Characteristics 


(See Figure 3.) Vpp = 4.5V to 9V, Ta = —40°C to + 85°C unless otherwise specified 


symbol__| ___Parameter_—|_—Conditions_| Min. | Typ__|_—Max__| 


fc Clock Frequency 


0.5 


t High Time ee ee ee 
; | towtime =f Tos | 


ts1 Data Setup Time 
tH1 Data Hold Time 


tHe Enable Hold Time 


ee ee 
iariceaieee its: ep) een 
tse | Enablosetuptime | | os | 
es ee ee ee 
erent een CE 


tod Data Out Delay 


Note 1: Under no condition should the power dissipated by the segment driver exceed 50 mW nor the entire chip power dissipation exceed 500 mW. 
Note 2: AC input waveform specification for test purpose: t, < 20 ns, tp < 20 ns, f = 500 kHz, 50% +10% duty cycle. 


Note 3: Clock input rise and fall times must not exceed 500 ns. 
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MM5484 


Functional Description 

The MM5484 is designed to drive LED displays directly. Se- 
rial data transfer from the data source to the display driver is 
accomplished with 3 signals, DATA IN, CLOCK and EN- 
ABLE. The signal ENABLE acts as an envelope and only 
while this signal is at a logic ‘1’ do the circuits recognize the 
clock signal. : 
While ENABLE is high, data on the serial data input is trans- 
ferred and shifted in the internal shift register on the rising 
clock edge, i.e. a logic ‘0’ to logic ‘1’ transition. 


Timing Diagram. 


ENABLE 


DATA IN 


When the ENABLE signal goes to a low (logic zero state), 
the contents of the shift register is latched and the display 
will show the new data. While new data is being loaded into 
the SR the display will continue to show the old data. _ 
For the MM5484, data is output from the serial DATA OUT 
pin on the falling edge of clock so cascading is made simple 
with race hazards eliminated. 

When the chip first powers on, an internal power on reset 
signal is generated which resets the SR and latches to zero 
so that the display will be off. 


\— 


FIGURE 3 
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ZA National 


Semiconductor 


MM5486 LED Display Driver 


General Description 

The MM5486 is a monolithic MOS integrated circuit utilizing 
N-channel metal-gate low-threshold, enhancement mode 
and ion-implanted depletion mode devices. It is available in 
a 40-pin molded dual-in-line package. The MM5486 is de- 
signed to drive common anode-separate cathode LED dis- 
plays. A single pin controls the LED display brightness by 
setting a reference current through a variable resistor con- 
nected to Vpp. 


Features 

m@ Continuous brightness contro! 
@ Serial data input/outut 

m External load input 

m Cascaded operation capability 


Block and Connection Diagrams 


BRIGHTNESS Yoo 
CONTROL 


OUTPUT 33 


100k 
n 
ol Nd 
33 OUTPUT BUFFERS 


OUTPUT 1 


LOAD 33 LATCHES 


SERIAL 
DATA 


CLOCK 





TL/F/6142-1 
FIGURE 1 


m Wide power supply operation 

m TTL compatibility 

m 33 outputs, 15 mA sink capability 
m@ Alphanumeric capability 


Applications 

m COPS™ or microprocessor displays 

@ Industrial control indicator 

m Relay driver 

& Digital clock, thermometer, counter, voltmeter 
m@ Instrumentation readouts 


Dual-in-Line Package 


Vss 

OUTPUT BIT 16 
OUTPUT BIT 15 
OUTPUT BIT 14 
OUTPUT BIT 13 
OUTPUT BIT 12 
OUTPUT BIT 11 
OUTPUT BIT 10 
OUTPUT BIT 9 
OUTPUT BIT 8 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BIT 5 
OUTPUT BIT 4 
OUTPUT BIT 3 


OUTPUT BIT 17 
OUTPUT BIT 18 
OUTPUT BIT 19 
OUTPUT BIT 20 
OUTPUT BIT 21 
OUTPUT BIT 22 
OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 
OUTPUT BIT 27 
OUTPUT BIT 28 
OUTPUT BIT 29 
QUTPUT BIT 30 
OUTPUT BIT 31 

OUTPUT BIT 2 OUTPUT BIT 32 

OUTPUT BIT 1 OUTPUT BIT 33 

DATA OUT LOAD 
BRIGHTNESS CONTROL DATA IN 
Yop CLOCK IN 


on oank wn — 


=~ wo 
= 


MM5486 


TL/F/6142-2 
Top View 


Order Number MM5486N 
See NS Package Number N40A 


FIGURE 2 
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MM5486 


Absolute Maximum Ratings | 

If Military/Aerospace specified devices are required, Power Dissipation at 25°C 

please contact the National Semiconductor Sales Molded DIP Package, Board Mount 2.5W* 
Office/Distributors for availability and specifications. Molded DIP Package, Socket Mount 2.3W** 
Voltage at Any Pin Vss to Vsg +12V Junction Temperature + 150°C 
Operating Temperature —25°C to + 85°C Lead Temperature (Soldering, 10 seconds) 300°C 


Storage Temperature ~65°C to + 150°C *Molded DIP Package, Board Mount, @ja = 49°C/W, Derate 20.4 mW/°C 
above 26°C. 


**Molded DIP Package, Socket Mount, @ya = 54°C/W, Derate 18.5 mW/°C 
above 25°C. 


Electrical Characteristics 
Ta within operating range, Vpp = 4.75V to 11.0V, Vsg = OV, unless otherwise specified 


Symbol 
Vop Power Supply 
Ipp Power Supply Current Excluding Output Loads 


Input Voltages 
ViL Logic ‘‘0” Level +10 pA Input Bias 
Vin Logic “1” Level 4.75 < Vpp < 5.25 


Vop > 5.25 
ln Brightness Input (Note 2) fe eee 


Output Sink Current (Note 3) 
loH Segment OFF Vout = 3.0V 
Segment ON Vout = 1V (Note 4) 
Brightness Input = 0 pA 
Brightness Input = 100 A 
Brightness Input = 750 pA 


tf 


= NO 


7 


a 


<|<< 


Vpp7—2 


< 
is) 
Oo 


o <0 
N O ; N 
Aa _ IE 


h 
oO 


Maximum Segment Current 
Brightness Input Voltage (Pin 19) Input Current = 750 pA 
Output Matching (Note 1) ae 


Data Output 
Logical “0” Level lout = 0.5mA 
Logical ‘*1” Level lout = 100 pA 


Clock Input (Notes 5 and 6) 
Frequency 
High Time 
Low Time 
Data Input 
Set-Up Time 
Hold Time 


Note 1: Output matching is calculated as the percent variation (Imax +|Min)/2. 


3.0 


N 
‘ 


ft _— —_ 
aPo ro) 


s° - 
o roe} 





Note 2: With a fixed resistor on the brightness input pin, some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are complied with. 


Note 3: Absolute maximum for each output should be limited to 40 mA. 

Note 4: The Voy voltage should be regulated by the user. See Figures 6 and 7 for allowable Vout vs lout operation. 
Note 5: AC input waveform specification for test purpose: t, < 20 ns, ts < 20 ns, f = 500 kHz, 50% +10% duty cycle. 
Note 6: Clock input rise and fall times must not exceed 300 ns. 
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Functional Description 


The MM5486 is specifically designed to operate four-digit 
alphanumeric displays with minimal interface with the dis- 
play and the data source. Serial data transfer from the data 
source to the display driver is accomplished with 3 signals, 
serial data, clock, and load. The data bits are latched by a 
positive-level load signal, thus providing non-multiplexed, di- 
rect drive to the display. When load is high, the data in the 
shift registers is displayed on the output drivers. Outputs 
change only if the serial data bits differ from the previous 
time. Display brightness is determined by control of the out- 
put current for LED displays. A 0.001 wF capacitor should 
be connected to brightness control, pin 19, to prevent possi- 
ble oscillations. The output current is typically 20 times 
greater than the current into pin 19, which is set by an exter- 
nal variable resistor. There is an internal limiting resistor of 
4002 nominal value. 


A block diagram is shown in Figure 7. 


Figure 4 shows the input data format. Bit ‘‘1”’ is the first bit 
into the data input pin and it will appear on pin 17. A logical 
“1” at the input will turn on the appropriate LED. The load 
signal latches the 33 bits of the shift register into the latch- 
es. The data out pin allows for cascading the shift registers 
for more than 33 output drivers. 






Vu 
CLOCK V. 


DATA 


When the chip first powers ON, an internal power ON reset 
signal is generated which resets all registers and latches. 
The leading clock returns the chip to its normal! operation. 


Figure 3 shows the timing relationship between data, clock 
and data enable. A maximum clock frequency of 0.5 MHz is 
assumed. 


For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than 1V Voyt. The following 
equation can be used for calculations: 


Ty = (Vout) (ILep) (No. of segments) (ja) + Ta 

where: 

Ty = junction temperature, 150°C max. 

Vout = the voltage at the LED driver outputs 

ILEp = the LED current 

Oya = thermal coefficient of the package 

Ta = ambient temperature 

Oya (Socket Mount) = 54°C/W 

63a (Board Mount) = 49°C/W 


The above equation was used to plot Figure 6, Figure 7, and 
Figure 8. 


90% 
10% 


TL/F/6142-3 


FIGURE 3 


LEADING 
CLOCK * 1 


BIT 1 


LOAD 


33 


BIT 32 BIT 33 


Y 
vena! (9) 


RESET 


*This leading clock is necessary only after power ON. 


TL/F/6142~-4 


FIGURE 4. Input Data Format 


Yop ee ee ee ee 


CLOCK 


LEADING CLOCK 


—_| <-—300ns 


RESET MIN 
(INTERNAL) ——— NL 


FIGURE 5 


TL/F/6142-5 
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MM5486 


Typical Applications 


POWER DISSIPATION (W) 


14 SEGMENTS 


Vout = 


TY Yow 
ZZ 1 


SAFE OPERATING 
EA 


60 
TEMPERATURE (°C) 


FIGURE 6 


1V 


Vout (Vo) 
OUTPUT CURRENT (mA) 


80 100 12,16 20 24 
; ILED (mA) 


TL/F/6142-6 TL/F/6142-7 
FIGURE 7 


2907 


gaa 
19 1k 


FIGURE 9. Constant Current Brightness Control 


CD4046 
(VCO) 


FIGURE 10. Brightness Control Varying the Duty Cycle 
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Ta = 85°C 


10 15 20 25 30 34 
NUMBER OF SEGMENTS ~ 

TL/F/6142-8 
FIGURE 8 


TL/F/6142-9 


TL/F/6142-10 





Typical Applications (Continued) 


Basic Electronically Tuned Radio System 
LED DISPLAY 


aia ee | 
wf 1 27 LI 


MM5486 
DISPLAY DRIVER 


PLL 
SYNTHESIZER 


STATION 
DETECT. ETC. 
TL/F/6142-11 


Duplexing 8 Digits with One MM5486 


Viep =3V VLep =3V 


FICICICiEiericiey 
A Fy a Fy PP 


= | 
bedicdied 


2-8, 40 32-39 
MM5486 


16 21 22 19 20 


CLOCK IN 


OATAIN 
BRIGHTNESS 
CONTROL 


TL/F/6142-12 


*This driver has 7 segments only. 
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MM58201 


ZA National 


Semiconductor 


MM58201 Multiplexed LCD Driver 


General Description Features 


The MM58201 is a monolithic CMOS LCD driver capable of | ™ Drives up to 8 backplanes and 24 segment lines 
driving up to 8 backplanes and 24 segments. A 192-bitRAM Stores data for display 

stores the data for the display. Serial input and output pins mm Cascadable 

are provided to interface with a controller. An RC oscillator i Low power 

generates the timing necessary to refresh the display. The = Fully static operation 

magnitude of the driving waveforms can be adjusted with 
the Vico input to optimize display contrast. Four additional | . 

bits of RAM allow the user to program the number of back- App lications 

planes being driven, and to designate the driver as either a  ™ Dot matrix LCD driver 
master or slave for cascading purposes. When two or more = Multiplexed 7-segment LCD driver 
drivers are cascaded, the master chip drives the backplane ™ Serial in/Serial out memory 

lines, and the master and each slave chip drive 24 segment 

lines. Synchronizing the cascaded drivers is accomplished 

by tying the RC OSC pins together and the BP1 pins togeth- 

er. 


The MM58201 is packaged in a 40-lead dual-in-line pack- 
age, or 44 lead plastic chip carrier package. 


Block Diagram 


BACKPLANES 


BACKPLANE 
WAVEFORM 


LOGIC 


por SEGMENT 
sean WAVEFORM 


ADDRESS 
GENERATOR 


CONTROL LOGIC 


DATA DATA 
our IN CLK  @§ 


TL/F/6146-1 
FIGURE 1 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Voltage at Any Pin Vsg —0.3V to Vssg + 18V 
Operating Temperature Range 0°C to 70°C 
Storage Temperature Range —65°C to + 150°C 


Power Dissipation at 25°C 
Molded DIP Package, board mount 
Molded DIP Package, socket mount 
*Molded DIP Package, board mount, 
derate 23.3m W/°C above 25°C 
**Molded DIP Package, socket mount, 
derate 21.3m W/°C above 25°C 
Operating Vpp Range Vss +7.0V to Vgg + 18.0V 


Lead Temperature (Soldering, 
10 seconds) 


2,.9W* 
2.6W** 
63a = 43°C/W, 


Oya = 47°C/W, 


300°C 


DC Electrical Characteristics min/max limits apply across temperature range unless otherwise noted. 


Symbol Conditions | min | Typ | Max | Units 


loc 
Vina au “1” Input Voltage 
VIN 
VouT(o 


Logical ‘1 Output Leakage 
Current 


louT(1) 


Logical ‘‘1” Input Leakage 
Current 


lin(1) 


Logical ‘‘O0” Input Leakage 
Current 


liN(o) 


Vtc ee Voltage 
Vt¢ 


ZoutT 


Input | Inputimpedance ss 


ZoUT 


fosc 
fCLK IN 
ton 
torr 


| QuiescentSupplycurent | | Ts 
Pt Vo | | Vo tas |v 
a v 


mA 


2 


pA 


ae 


Output Impedance EE and Segment 
Outputs 
DC Offset Voltage Between Any Backplane 
£10 
and Segment Output 
AC Electrical Characteristics Ta and Vpp within operating range unless otherwise noted. 


Symbol Conditions | Min | tye | Max | units 


a 
| Glock Frequency | | || t0 
| Clock Pusowieth | co] Ts 
| ClockOrFTime | dT co Ps 


kHz 


| InputDatasetuptime | | 2 | Ts 


| InputDataHodtime | | to Ts 
| _AccessTime | 8 


Access Time 


pS 


Backplane, Segment Outputs 
CL = 2000 pF 


pS 


Fall Time Backplane, Segment Outputs 5 
CL = 2000 pF B 


* 7 is the number of backplanes programmed. 
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MM58201 


Connection Diagrams 
Dual-tn-Line Package Plastic Chip Carrier 


- N 
- =_ 
nn nn 


6 5 4 3 2 1 44 43 42 


MMS8201V 


21 22 23 


TL/F/6146-10 
TL/F/6146-2 
Top View 


FIGURE 2 


Order Number MM58201N or MM58201V 
See NS Package Number N40A or V44A 


Switching Time Waveforms 


ts ty 


TL/F/6146-3 


Backplane Output Segment Output 


t 
0.68 Vtc 


0.32 Vo 
TL/F/6146-5 


——~ Vss 
TL/F/6146-4 
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Functional Description 


A functional diagram of the MM58201 LCD driver is shown 
in Figure 7. Connection diagrams are shown in Figure 2. 


SERIAL INPUTS AND OUTPUTS 


A negative-going edge on the CS input initiates a frame. The . 


CS input must then stay low for at least one rising edge of 
CLK IN, and may not be pulsed low again for the next 31 
clocks. At least one clock must occur while CS is high. If 
CLK IN is held at a logic 1”, CS is disabled. This allows the 
signal that drives CS to be used for other purposes when 
the MM58201 is not being addressed. 


CLK IN latches data from the DATA IN input on its rising 
edge. Data from the DATA OUT pin changes on the falling 
edge of CLK IN and is valid before the next rising edge. 


The first five bits of data following CS are the address bits 
(Figure 3). The address selects the column where the oper- 
ation is to start. Bit 1 is the MSB and bit 5 is the LSB. The 
sixth bit is the read/write bit. A logic “1” specifies a read 
operation and a logic ‘‘0” specifies a write operation. The 
next 24 bits are the data bits. The first data bit corresponds 
to the BP1 row of the display, the second data bit to the BP2 
row, and so on. After the eighth and sixteenth data bits, the 
column pointer is incremented. When starting address 
10110 or 10111 is specified, the column pointer increments 
from 10111 to 00000. 


During a read or write cycle, the LCD segment outputs do 
not reflect the data in the RAM. To avoid disrupting the 
pattern viewed on the display, the read or write cycle time 
should be kept short. Since the LCD turn-on time can be as 
little as 30 ms, a clock rate of at least 10 kHz would be 
required in order to address the entire contents of the RAM 
within that time interval. The formula below can be used to 
estimate the minimum clock rate: 


f ee See 
ene (tcp — 7ts) 


where tg is the processor's set-up time between each read 
or write cycle, and tucp is the minimum turn-on or turn-off 
time of the LCD as specified by the LCD manufacturer. 


The DATA OUT output is an open drain N-channel device to 
Vsg (Figure 4). With an external pull-up this configuration 
allows the controller to operate at a lower supply voltage, 
and also permits the DATA OUT output to be wired in paral- 
lel with the DATA OUT outputs from any other drivers in the 
system. 

To program the number of backplanes being driven and the 
M/S bit, load address 11000, a write bit, three bits for the 
number of backplanes (Table |), and the M/S bit. The re- 
maining 20 data bits will be ignored but it is necessary to 
provide 21 more clocks before initiating another frame. 
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TABLE |. Backplane Select 


Number of 
— 


RC OSC Pin 


- This oscillator generates the timing required for multiplexing 


the liquid crystal display. The oscillator operates at a fre- 
quency that is 47 times the refresh rate of the display, 
where ‘7 is the number of backplanes programmed. Since 
the refresh rate should be in the range from 32 Hz to 100 
Hz, the oscillator frequency must be: 

128 < fosc < 4007 


The frequency of oscillation is related to the external R and 
C components in the following way: 
1 
f = ———— +30% 
Pee Fe5RC 
The value used for the external resistor should be in the 
range from 10 kf to 1 Mo... 


The value used for the external capacitor should be less 
than 0.005 pF. 


Vtc Pin 

The Vrc pin is an analog input that controls the contrast of 
the segments on the LCD. If eight backplanes are being 
driven (n = 8), a voltage of typically 8V is required at 25°C. 
The voltage for optimum contrast will vary from display to 
display. It also has a significant negative temperature coeffi- 
cient. 

The voltage source on the Vrc input must be of relatively 
low impedance since the input impedance of Vto ranges 
from 10 k2. to 30 kN. A suitable circuit is shown in Figure 5. 
In a standby mode, the Vrc input can be set to Vss. This 
reduces the supply current to less than 300 pA per driver. 


BACKPLANE AND SEGMENT OUTPUTS 

Connect the backplane and segment outputs directly to the 
LCD row and column lines. The outputs are designed to 
drive a display with a total ON capacitance of up to 2000 pF. 
The output structure consists of transmission gates tapped 
off of a resistor string driven by Vtc (Figure 6). 

A critical factor in the lifetime of an LCD is the amount of DC 
offset between a backplane and segment signal. Typically, 
50 mV of offset is acceptable. The MM58201 guarantees an 
offset of less than 10 mV. 


The BP1 output is disabled when the M/S bit is set to zero. 
This allows the BP1 output from the master chip to be con- 
nected directly to it so that synchronizing signals can be 
generated. Synchronization occurs once each refresh cycle, 
so the cascaded chips are assured of remaining synchroniz- 
ed. 
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MM58201 


Functional Description (Continued) 


MUST RISE BY THIS POINT 


s2. 83 S6 $10 S14 S12, S13. S14) S15) S16) S17, S18 «S19 «S20 S21 S22 S23 S24 


s7. sb SS 


: TL/F/6146-6 
Diagram above shows where data will appear on display if starting address 01100 is specified in data format. 


FIGURE 3. Data Format 
DATA OUT 


Vs. 
TL/F/6146-7 


FIGURE 4. DATA OUT Structure 





4-76 


Functional Description (Continued) 


COP420L 


CLK DATA DATA Vc CLK DATA DATA Vie 
iN IN ouT IN IN «OUT 


musezo1 =: RE OSC MM56201 


SEGMENT LINES SEGMENT LINES 


8x 48 DOT MATRIX 


BACKPLANES LIQUID CRYSTAL DISPLAY 


TL/F/6146-8 
FIGURE 5. Typical Application 


SELECT 


) BACKPLANE OA 
4 SEGMENT OUTPUT 


7 


SELECT 


TL/F/6146-9 
FIGURE 6. Structure of LCD Outputs 
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MM58241 


ZaNational 


Semiconductor 


MM58241 High Voltage Display Driver 


General Description 

The MM58241 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P- and N-channel! devic- 
es. It is available both in 40-pin molded dual-in-line pack- 
ages or as dice. The MM58241 is particularly suited for driv- 
ing high voltage (60V max) vacuum fluorescent (VF) dis- 
plays (@.g., a 32-digit alohanumeric or. dot matrix display). 


Applications 

m= COPS™ or microprocessor-driven displays 
gw Instrumentation readouts 

g Industrial control indicator 

@ Digital clock, thermostat, counter, voltmeter 
m Word processor text displays 

m Automotive dashboards 


Block Diagram 


BLANKING 
CONTROL 


OUTPUT 
32 


Features 
m Direct interface to high voltage display 
m Serial data input 


_ @ No external resistors required 


m Wide display power supply operation 

@ LSTTL compatible inputs 

m Software compatible with NS display driver family 

= Compatible with alphanumeric or dot matrix displays 
m Display blanking control input 

w Simple to cascade 


OUTPUT 


|e 32 OUTPUT 
BUFFERS 


32 LATCHES 


32-BIT 
SHIFT REGISTER 


TL/F/5600~1 
FIGURE 1 





Absolute Maximum Ratings Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vpp) 
Office/Distributors for availability and specifications. Vss = OV 4.5 


Voltage at Any Input Pin Vpp + 0.3V to Vsg — 0.3V Display Voltage (Vpis) —55 
Voltage at Any Display Pin Vpp to Vpp — 62.5V Temperature Range -40 
Vop + |Voisl 62.5V 
Storage Temperature —65°C to + 150°C 
Power Dissipation at + 25°C 

Molded DIP Package, Board Mount 2.28W* 

Molded DIP Package, Socket Mount 2.05W** 
Junction Temperature 130°C 


Lead Temperature 
(Soldering, 10 sec.) 260°C 


LycSSAW 


*Molded DIP Package, Board Mount, 6), = 46°C/W, 
Derate 21.7 mW/°C above + 25°C. 

**Molded DIP Package, Socket Mount, 0j, = 51°C/W, 
Derate 19.6 mW/°C above + 25°C. 


DC Electrical Characteristics 
Ta = —40°C to +85°C, Vpp = 5V +0.5V, Vss = OV unless otherwise specified 


Parameter 


Vin = Vss or Vpp, Vss = OV, 

Vpisg Disconnected 

Vpp = 5.5V, Vss = OV, Vpis = —55V 
All Outputs Low 


Power Supply Currents 


Input Logic Levels 
DATA IN, CLOCK 
ENABLE, BLANK 


Logic ‘0’ 


Logic ‘1’ 

Data Output Logic Leveis 
Logic ‘0’ 

Logic ‘1’ 

Logic ‘1’ 

Input Currents 

DATA IN, CLOCK 
ENABLE, BLANK 


Input Capacitance 
DATA IN, CLOCK 
ENABLE, BLANK 


Display Output Impedances 


Output Off (Figure 3a) 


Output On (Figure 3b) 


Display Output Low Voltage 


Note 1: 74LSTTL Voy = 2.7V @ Iqut = —400 pA, TTL Von = 2.4V @ Igut = —400 pA. 


(Note 1) 


lout = 400 pA 
louT = —10 pA 
louT = —500 pA 


Vin = OV or Vpp 


Vop = 5.5V, Vsg = OV 


Vois = —25V 
Vois = —40V 
Vois = —55V 
Vois = —25V 
Vois = —40V 
Vois = —55V 


Vpop = 5.5V, lout = Open Circuit, 
—55V s Vpis < —25V 





4-79 





MM58241 


AC Electrical Characteristics 1, = —40°c to +85°C, Vpp = 5V +0.5V 


Symbol 


Clock Input 
Frequency 
High Time 
Low Time 


Data Input 
Set-Up Time 
Hold Time 

Enable Input 
Set-Up Time 
Hold Time 

Data Output 


CLOCK Low to Data Out 
Time 


| ___—Parameter__——|__—Conaitions | min__| typ | Max _ 


(Notes 3 and 4) 


Note 2: For timing purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 
Note 3: AC input waveform specification for test purposes: t,, ts < 20 ns, f = 800 kHz, 50% +10% duty cycle. 


Note 4: Clock input rise and fall times must not exceed 5 ps. 


Connection Diagrams 
Dual-In-Line Package 


OUTPUT 18 
OUTPUT 19 
OUTPUT 20 
OUTPUT 21 
OUTPUT 22 
OUTPUT 23 
OUTPUT 24 
QUTPUT 25 
OUTPUT 26 
OUTPUT 27 
QUTPUT 28 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 
BLANKING CONTROL 


Vss (OV) 
QUTPUT 17 
QUTPUT 16 
OUTPUT 15 
OUTPUT 14 
OUTPUT 13 
OUTPUT 12 
QUTPUT 11 
QUTPUT 10 

OUTPUT 9 
OUTPUT 8 
OUTPUT 7 
OUTPUT 6 
OUTPUT 5 
QUTPUT 4 
OUTPUT 3 
OUTPUT 2 ENABLE 
OUTPUT 1 DATA OUT 
Vois DATA IN 
Vop (5V) CLOCK 


aon oOank wan = 


MM58241 


TL/F/5600-2 
Top View 


FIGURE 2 


Order Number MM58241N or MM58241V 
See NS Package Number N40A or V44A 


Functional Description 


This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58421 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic ‘1’ 
will turn off all sections of the display. A block diagram of 
the MM58241 is shown in Figure 7. 


Figure 2 shows the pinout of the MM58241 device, where 
output 1 (pin 18) is equivalent to bit 1, i.e., the first bit of data 
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Plastic Chip Carrier 


OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
= OUTPUT 26 
OUTPUT 27 
N/C 
OUTPUT 28 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
QUTPUT 32 


MMS8241V 


20 21 22 23 


TL/F/5600-8 


to be loaded into the shift register following ENABLE high. A 
logic ‘1’ at the input will turn on the corresponding display 
digit/segment/dot output. 


A significant reduction in discrete board components can be 
achieved by use of the MM58241, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figures 3a 
and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 





Functional Description (continued) 


Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58241. 


When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 
normal operation on application of ENABLE, and so all inter- 
face signals should be inactive at power on. 


In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1’ does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., ‘0’-‘1' 
transition. When the ENABLE signal goes low, the contents 
of the shift registers are latched, and the display will show 


+85°C) = +25°C TYPICAL 


Voo + [Vois | (V¥) 


new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58241, being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 


Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58241 is used to provide the 
grid drive for a 32-digit 5 x 7 dot matrix vaccum fluorescent 
(VF) display. The anode drive in this example is provided by 
another member of the high voltage display driver family, 
namely the MM58248, which does not require an externally 
generated load signal. 


lout (HA) 


400 600 800 
FIGURE 3a. Output Impedance Off 


4.0 kQ MAX 
AT +85°C, Vols = —25V 


ro) 
=3 
a 
= 
So 
> 
o 
r=) 
= 
=] 
3 
“na 
2 
= 
a 
6 
S 
a 


1 2 


TL/F/5600-3 


3.3 kQ TYPICAL 
AT +25°C, Vois = —40V 
2.3 kQ MAX 
AT —40°C, Vois = —55V 


lout (mA) 
3 4 
TL/F/5600-4 


FIGURE 3b. Output Impedance On 


Timing Diagrams 


DATA IN 


TL/F/5600-5 


For the purposes of AC measurements, Viy = 2.4V, Vit = 0.8V. 


FIGURE 4. Clock and Data Timings 
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MM58241 


CLOCK 50% 


DATAIN 50% 


DATA OUT 50% 
tes 
ENABLE 50% 


BLANKING 
contro. 5% 


Vop —————___—__ 
DISPLAY 
OUTPUT 
Vois 


FIGURE 5. MM58241 Timings (Data Format) 


TL/F/5600-6 


Typical Application 


32-DiGIT MULTIPLEXED 
5x7 DOT MATRIX 
VACUUM FLUORESCENT 
(VF) DISPLAY 


35 ANODES 


MM58248 MM58241 
DISPLAY DRIVER DISPLAY DRIVER 


CLOCK 8 DATA 8 DATA 1 i} 


MICROPROCESSOR 


: TL/F/5600-7 
FIGURE 6. Microprocessor-Controlled Word Processor 
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ZA National 


Semiconductor 


MM58242 High Voltage Display Driver 


General Description 

The MM58242 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P and N-channel devic- 
es. It is available both in 28-pin molded dual-in-line pack- 
ages or as dice. The MM58242 is particularly suited for driv- 
ing high voltage (60V max) vacuum fluorescent (VF) dis- 
plays (e.g., a 20-digit alphanumeric or dot matrix display). 


Applications 

mg COPS™ or microprocessor-driven displays 
m Instrumentation readouts 

@ Industrial control indicator 

m Digital clock, thermostat, counter, voltmeter 
m Word processor text displays 

m= Automotive dashboards 


Block Diagram 


BLANKING 
CONTROL 


Features 

a Direct interface to high voltage display 

@ Serial data input 

mg No external resistors required 

w Wide display power supply operation 

mg LSTTL compatible inputs 

m Software compatible with NS display driver family 

= Compatible with alphanumeric or dot matrix displays 
w Display blanking control input 

m Simple to cascade 


OUTPUT OUTPUT 
20 1 


20 OUTPUT 
BUFFERS 


20 LATCHES 


20-BIT 
SHIFT REGISTER 


le 


TL/F/7924-1 


FIGURE 1 
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MM58242 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availabillty and specifications. 


Voltage at Any Input Pin Vpp + 0.3V to Vss —0.3V 
Voltage at Any Display Pin Vpp to Vpp —62.5V 
Vop +|Vpisl 62.5V 
Storage Temperature —65°C to + 150°C 


Power Dissipation at + 25°C 
Molded DIP Package, Board Mount 2.03W* 
Molded DIP Package, Socket Mount 1.83W** 


Junction Temperature. 130°C 
Lead Temperature (Soldering, 10 sec.) 260°C 


*Molded DIP Package, Board Mount, 6), = 52°C/W, 
Derate 19.2 mW/°C above + 25°C. 


**Molded DIP Package, Socket Mount, @jq = 58°C/W, 
Derate 17.2 mW/°C above + 25°C. 


DC Electrical Characteristics 


Operating Conditions 
Min 

Supply Voltage (Vpp) . 
Vgg = OV 4.5 
Display Voltage (Vpis) —55 
Temperature Range —40 


Ta = —40°C to + 85°C, Vop = 5V +0.5V, Vsg = OV unless otherwise specified 


Power Supply Currents Vin = Vgs Or Vpp, Vss = OV, Vpig Disconnected 
Vop = 5.5V, Vss = OV, Vois = 55V 


All Outputs Low 


Input Logic Levels 

DATA IN, CLOCK 

ENABLE, BLANK 

Logic ‘0’ 

Logic ‘1’ (Note 1) 


Data Output Logic Levels 

Logic ‘0’ - | lout = 400 pA 
Logic ‘1’ “| loyt = —10 pA 
Logic ‘1° lout = —500 pA 


Input Currents Vin = OV or Vpp 
DATA IN, CLOCK 
ENABLE, BLANK 


Input Capacitance 
DATA IN, CLOCK 
ENABLE, BLANK 


Display Output Impedances | Vpp = 5.5V, Vss = OV 


Output Off (Figure 3a) Voig = —25V 
Vpis = —40V 
Vois = —55V 

Output On (Figure 3b) Vpis = —25V 
Vois = 40V 
Vois = —55V 


—55V < Vpis < —25V 


Display Output Low Voltage | Vpp = 5.5V, lout = Open Circuit, 


Note 1: 74LSTTL Vox = 2.7V @ Igut = —400 pA, TTL Voy = 2.4V @ lout = —400 pA. 
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AC Electrical Characteristics 1, = —40°c to +85°C, Vpp = 5V £0.5V . 


Conditions 
(Notes 3 and 4) 


Parameter 


Clock Input 
Frequency, fc 
High Time, ty 
Low Time, t 


Data Input 
Set-Up Time, tps 
Hold Time, toy 

Enable Input 
Set-Up Time, tes 
Hold Time, tey 

Data Output 

‘ CLOCK Low to Data Out 

Time, tcpo 


(Note 2) 


C. = 50 pF 


100 
100 


300 
300 
100 
100 


800 


500 


Note 2: For timimg purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 
Note 3; AC input waveform specification for test purposes: t, <20 ns, ts <20 ns, f = 800 kHz, 50% +10% duty cycle. 


Note 4: Clock input rise and fall times must not exceed 5 ps. 


Connection Diagrams 


Dual-In-Line Package 


Vss (OV) OUTPUT 12 


OUTPUT 11 OUTPUT 13 


OUTPUT 10 OUTPUT 14 


QUTPUT 9 OUTPUT 15 


OUTPUT 8 OUTPUT 16 


OUTPUT 7 OUTPUT 17 


OUTPUT 6 MM58242 OUTPUT 18 


OUTPUT 5 OUTPUT 19 


OUTPUT 4 OUTPUT 20 


OUTPUT 3 BLANKING CONTROL ~ 


OUTPUT 2 ENABLE 


OUTPUT 1 DATA OUT 


Vols DATA IN 


Vop (5V) CLOCK 


TL/F/7924-2 
Top View 
FIGURE 2 


Order Number MM58242N 
See NS Package Number N28B 


OUTPUT 8 
OUTPUT 7 
OUTPUT 6 
OUTPUT 5 
OUTPUT 4 
OUTPUT 3 
OUTPUT 2 
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OUTPUT 9 


Plastic Chip Carrier 


OUTPUT 11 
OUTPUT 12 
OUTPUT 13 
OUTPUT 14 


OUTPUT 10 
Vss 


MM58242V 


DATA OUT 


Top View 


OUTPUT 15 
OUTPUT 16 
OUTPUT 17 
OUTPUT 18 
OUTPUT 19 
OUTPUT 20 
BLANKING CONTROL 


TL/F/7924-8 


Order Number MM58242V 
See NS Package Number V28A 
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MM58242 


Functional Description 


This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58242 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic ‘1’ 
will turn off all sections of the display. A block diagram of 
the MM58242 is shown in Figure 1. 


Figure 2 shows the pinout of the MM58242 device, where 
output 1 (pin 12) is equivalent to bit 1 (i.e., the first bit of data 
to be loaded into the shift register following ENABLE high). 
A logic ‘1’ at the input will turn on the corresponding display 
digit/segment/dot output. 


A significant reduction in discrete board components can be 
achieved by use of the MM58242, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied, However, Figures 3a 
and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 


Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58242. 


+85°C = +25°C TYPICAL 


400 


When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 
normal operation on application of ENABLE, and so all inter- 
face signals should be inactive at power on. 


In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1’ does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., ‘0’-‘1’ 
transition. When the ENABLE signal goes low, the contents 
of the shift registers are latched, and the display will show 
new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58242 being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 


Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58242 is used to provide the 
grid drive for a 40-digit 2 line 5 =< 7 multiplexed vacuum 
fluorescent (VF) display. The anode drive in this example is 
provided by another member of the high voltage display 
driver family, namely the MM58248, which does not require 
an externally generated load signal. 


600 800 
TL/F/7924-3 


FIGURE 3a. Output Impedance Off. 


4.0 k2 MAX 
AT +85°C, Vois = —25V. 


Drain to Source Voltage 
oe MD DW FF AF OD 


1 2 


3.3 kO TYPICAL 
AT +25°C, Vpis = —40V 


2.3 kf MAX 
AT —40°C, Vois = —55V 


lout (mA) 
3 4 
TL/F/7924-4 


FIGURE 3b. Output Impedance On 
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Timing Diagrams 


cvcsSWn 


DATA IN 
TL/F/7924-5 
For the purposes of AC measurement, Viy = 2.4V, Vi_ = 0.8V. 


FIGURE 4. Clock and Data Timings 


DATAIN 50% 


DATA OUT 50% 
tes 
ENABLE 50% 


BLANKING 
CONTROL 


DISPLAY 
OUTPUT 


Vois 
TL/F/7924-6 


FIGURE 5. MM58242 Timings (Data Format) 


Typical Application 


40-DIGIT BY 2-LINE 
57 MULTIPLEXED 
DOT MATRIX VACUUM 
FLUORESCENT (VF) 
DISPLAY 





MM58248 MM58248 MM58242 MM58242 
DISPLAY DISPLAY DISPLAY DISPLAY 
DRIVER 1 DRIVER 2 ORIVER 1 DRIVER 2 


CLOCK 2 
MICROPROCESSOR 


FIGURE 6. Microprocessor-Controlled Word Processor 


TL/F/7924-7 
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MM58248 


Semiconductor 


ZA National 


MM58248 High Voltage Display Driver 


General Description 

The MM58248 is a monolithic MOS integrated circuit utitiz- 
ing CMOS metal gate low threshold P- and N-channel devic- 
es. It is available both in 40-pin molded dual-in-line pack- 
ages or as dice. The MM58248 is particularly suited for driv- 
ing high voltage (60V max) vacuum fluorescent (VF) dis- 
plays (e.g., a 5 x 7 dot matrix display). 


Applications 

= COPS™ or microprocessor-driven display 
a Instrumentation readouts 

@ Industrial control indicator 

® Digital clock, thermostat, counter, voltmeter 
m Word processor text displays 

w Automotive dashboards 


Block Diagram 


OUTPUT 


Features : 

w Direct interface to high voltage display 

m Serial data input 

No external resistors required 

mw Wide display power supply operation 

m LSTTL compatible inputs 

= Software compatible with NS display driver family 

w Compatible with alphanumeric or dot matrix displays 
@ No load signa! required 


OUTPUT 
1 


35 OUTPUT 


BUFFERS 


35 LATCHES 


DATA IN 


‘CLOCK 


35-BIT 1 
SHIFT REGISTER : BIT 


TL/F/5599~-1 


FIGURE 1 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Voltage at Any Input Pin Vpp + 0.3V to Vsg — 0.3V 
Voltage at Any Display Pin Vpop to Vpp — 62.5V 


Junction Temperature 
Lead Temperature 
(Soldering, 10 seconds) 


Operating Conditions 


Vpp + |Vpis! 


62.5V : Min 


° 3 Supply Voltage (Vpp) 
= + 
65°C to + 150°C Vgg = OV 4.5 


Display Voltage (Vpis) —55 
Temperature Range —40 


Storage Temperature 


Power Dissipation at + 25°C 
Molded DIP Package, Board Mount 2.28W* 
Molded DIP Package, Socket Mount 2.05W** 


*Molded DIP Package, Board Mount 6ja = 46°C/W, 
Derate 21.7 mW/°C above + 25°C. 


**Molded DIP Package, Socket Mount, @jq = 51°C/W, 
Derate 19.6 mW/°C above + 25°C. 


DC Electrical Characteristics 
Ta = —40°C to + 85°C, Vpp = 5V +0.5V, Vssg = OV unless otherwise specified 


Parameter 


Power Supply Currents Vin = Vss Or Vop, Vss = OV, 


Vpis Disconnected 


Vpp = 5.5V, Vss = OV, 

Vois = —55V, All Outputs Low 
Input Logic Levels. 
DATA IN, CLOCK Logic ‘0’ 


Input Logic Levels (Note 1) 24 
DATA IN, CLOCK cra 1’ 


| input Currents, DATAIN, CLOCK _| Currents, DATA IN, CLOCK 


Input Capacitance, DATA IN, CLOCK 


Display Output Impedances 
Output Off (Figure 3a) 


Vin = OVor | Vin=OVorVpp — (ttsCs*id 


Vpp = 5.5V, Vssg = OV 
Vois = —25V 
‘Vpis = —40V 
Vpois = —55V 


Vop = 5.5V, Vsg = OV 
Vpois = —25V 
Vpois = —40V 
Vpois = —55V 


Display Output Vpp = 5.5V, lout = Open Circuit, 
Low Voltage —55V < Vpis < —25V 


Note 1: 74LSTTL Voy = 2.7V @ lout = —400 pA, TTL VoH = 2.4V @ lout = —400 pA. 


Display Output Impedances 
Output on (Figure 3b) 


AC Electrical Characteristics 1, = —40°c to +.85°C, Vpp = 5V +0.5V 


| __Parameter__—— | Conditions 
(Notes 2, 3) 


Data Input Hold Time 
Note 2: AC input waveform specification for test purposes: t,, tp < 20 ns, f = 1 MHz, 50% +10% duty cycle. 
Note 3: Clock input rise and fall times must not exceed 5 ps. 
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MM58248 


Connection Diagrams 
Dual-In-Line Package 


OUTPUT 18 
OUTPUT 19 
OUTPUT 20 
OUTPUT 21 
OUTPUT 22 
OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
OUTPUT 26 
OUTPUT 27 
OUTPUT 28 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 
OUTPUT 33 
OUTPUT 2 OUTPUT 34 
OUTPUT 1 OUTPUT 35 
Vols DATA IN 
Voo (5V) CLOCK 


Vss (OV) 
OUTPUT 17 
OUTPUT 16 
OUTPUT 15 
OUTPUT 14 
OUTPUT 13 
OUTPUT 12 
OUTPUT 11 
OUTPUT 10 

OUTPUT 9 
OUTPUT 8 
QUTPUT 7 
OUTPUT 6 
OUTPUT 5 
QUTPUT 4 
OUTPUT 3 


aon Oa”krt an — 


MM58248 


TL/F/5599-2 
Top View 


Order Number MM58248N 
See NS Package Number N40A 


Plastic Chip Carrier 


bad 
5 
oO 
gs é 


OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
OUTPUT 26 


MMS8248V 


OUTPUT 29 

OUTPUT 30 

OUTPUT 31 

OUTPUT 32 
20 21 22 23 24 


TL/F/5599-8 
Top View 


Order Number MM58248V 
See NS Package Number V44A 


FIGURE 2 


Functional Description 


This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58248 uses two signals, 
DATA IN and CLOCK, with a format of a leading ‘1’ followed 
by the 35 data bits, hence allowing data transfer without an 
additional signal. A block diagram of the MM58248 is shown 
in Figure 7, 

Figure 2 shows the pinout of the MM58248 device, where 
output 1 (pin 18) is equivalent to bit 1, i.e., the first bit of data 
to be loaded into the shift register following the start bit. A 
logic ‘1’ at the input will turn on the corresponding display 
digit/segment/dot output. 


A significant reduction in discrete board components can be 
achieved by the use of the MM58248, because external 
pull-down resistors are not required. Due to the nature of 
the output stage, both its on and off impedance values vary 
as a function of the display voltage applied. However, Fig- 
ures 3a and 3b show that this output impedance will remain 
constant for a fixed value of display voltage. 


Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58248. 

When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 


4-90 


normal operation on application of the start bit and the first 
clock pulse, and so all interface signals should be inactive 
at power on. 


In Figure 5, a start bit of logic ‘1’ precedes the 35 bits of 
data, each bit being accepted on the rising edge of CLOCK, 
i.e., a ‘0’—‘1’ transition. At the 36th clock, a LOAD signal is . 
generated synchronously with the high state of the clock, 
thus loading the 35 bits of the shift register into the latches. 
At the low state of the clock, a RESET signal is generated, 
clearing all bits of the shift register for the next set of data. 
Hence, a complete set of 36 clock pulses is needed for the 
MM58248, or the shift register will not clear. If, at any given 
time, it is required that the display be cleared under micro- 
processor control, i.e., without power on reset, then the fol- 
lowing flushing routine may be used. Clock in 36 ‘zeroes’, 
followed by a ‘one’ (start bit), followed by 35 ‘zeroes’. This 
procedure will completely blank the display. 


Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58248 is used to provide the 
anode drive for a 32-digit 5 x 7 dot matrix vacuum fluores- 
cent (VF) display. The grid drive in this example is provided 
by another member of the high voltage display driver family, 
namely the MM58241, which has the additional features of 
a BLANKING CONTROL pin, a DATA OUT pin, and an 
ENABLE (external load signal) pin. 





Functional Description (continued) 


+85°C = +. 25°C TYPICAL 


) 
= 
© 
wn 


Von + |Vors | (V 


lout (uA) 
400 600 800 


: TL/F/5599-3 
FIGURE 3a. Output Impedance Off 


4.0 kQ MAX 3.3 kQ TYPICAL 
AT +85°C, Vois = — 25V AT +25°C, Vois = —40V 
2.3 kQ MAX 
AT —40°C, Vpis = —55V 


Drain to Source Voltage 


lout (mA) 
1 2 3 4 
TL/F/5599-4 


FIGURE 3b. Output Impedance On 


Timing Diagrams 


DATA IN 


TL/F/5599-5 
For the purposes of AC measurement, Vi = 2.4V, Vi_ = 0.8V. 


FIGURE 4. Clock and Data Timings 


START START 
CLK 35 CLK CLK 1 CLK 2 CLK 3 CLK33) = CLK34)0=— CLK 35 CLK 


i, CEY ANCES Cd CED GD, CED CED CY Ae 
LOAD 

(INTERNAL) | | | | 

RESET 

(INTERNAL) | | | 


Voo 


DISPLAY 
OUTPUT 


Vols 


TL/F/5599-6 
FIGURE 5. MM58248 Timings (Data Format) 
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Typical Applications 


32-DIGIT MULTIPLEXED 
57 DOT MATRIX 
VACUUM FLUORESCENT 
(VF) DISPLAY 


35 ANODES 


MM58248 MM58241 
DISPLAY DRIVER DISPLAY DRIVER 


CLOCK 8 DATA 8 DATA 1 


MICROPROCESSOR 


TL/F/5599-7 
FIGURE 6. Microprocessor-Controlled Word Processor 
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ZA National 


Semiconductor 


MM58341 High Voltage Display Driver 


General Description 

The MM58341 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P and N-channel devic- 
es. It is available both in 40-pin molded dual-in-line pack- 
ages or as dice. The MM58341 is particularly suited for driv- 
ing high voltage (85V max) vacuum fluorescent (VF) dis- 
plays, (e.g., a 32-digit alphanumeric or dot matrix display). 


Applications 

m COPS™ or microprocessor-driven displays 
g@ Instrumentation readouts 

& Industrial control indicator 

m Digital clock, thermostat, counter, voltmeter 
mw Word processor text displays 

m Automotive dashboards 


Block Diagram 


BLANKING 
CONTROL 


OUTPUT 
2 


Features 

@ Direct interface to high voltage display 

@ Seria! data input 

@ No external resistors required 

m™ Wide display power supply operation 

@ LSTTL compatible inputs 

m Software compatible with NS display driver family 

= Compatible with alphanumeric or dot matrix displays 
@ Display blanking control input 

@ Simple to cascade 


OUTPUT 


| oy 32 OUTPUT L 
BUFFERS 


TL/F/5603-1 


FIGURE 1 
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Absolute Maximum Ratings Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vpp) - 
Office/Distributors for availability and specifications. Vss = OV 4.5 


Voltage at Any Input Pin Vpp + 0.3V to Vgg — 0.3V Display Voltage (Vpjs) —30 
Voltage at Any Display Pin Vpp to Vpp — 36.5V Temperature Range —40 
Vop + |Vpis! 36.5V 
Storage Temperature —65°C to + 150°C 


Power Dissipation at 25°C 
Molded DIP Package, Board Mount 2.28W* 
Molded DIP Package, Socket Mount 2.05W** 
*Molded DIP Package, Board Mount, Oya = 46°C/W 
Derate 21.7 mW°C Above 25°C 


**Molded DIP Package, Socket Mount, 6@ya = 51°C/W 
Derate 19.6 mW/°C Above 25°C 


Junction Temperature 130°C 
Lead Temperature (Soldering, 10 seconds) 260°C 


DC Electrical Characteristics 
Ta = —40°C to + 85°C, Vpp = 5V £0.5V, Vsg = OV unless otherwise specified 


Symbol Conditions | Min | Typ | Max | units 


Power Supply Currents Vin = Vss Or Vpp, Vss = OV, 
Vpis Disconnected 
Vpp = 5.5V, Vss = OV, 10 
Vois = —390V, All Outputs Low 
Vv Input Logic Levels DATA IN, 
CLOCK ENABLE, BLANK Logic ‘0’ 
Vin Input Logic Levels DATA IN, (Note 1) 24 
CLOCK ENABLE, BLANK Logic ‘1’ : 
Vou Data Output Logic Levels lout = 400 pA , 0.4 
Logic ‘0’ ; 
Von Data Sulput Logic Levels lout = —10 pA Vanes 
Logic ‘1 
Vou Data Output Logic Levels louT = —500 pA 
Logic ‘1’ 
lin Input Currents DATA IN, Vin = OVorVpp 
CLOCK ENABLE, BLANK 
Cin Input Capacitance DATA IN, 
CLOCK ENABLE, BLANK 
Rorr Display Output Impedances Vop = 5.5V, Vss = 
Output Off (Figure 3a) Vpis = —10V 250 


Vois = —20V : 300 
Vpis = —30V 400 





Display Output Impedances 

Output On (Figure 3b) Vois = —10V 700 800 
Vpis = —20V 600 es 
Vois = —30V 500 


VDOL Display Output Low Voltage Vop = 5.5V, lout = Open Circuit, 
+ 
—30V < Vpis s —10V Vols Vois + 2 


Note 1: 74LSTTL Voy = 2.7V @ lout = —400 pA, TTL Voy = 2.4V @ lout = —400 pA. 
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AC Electrical Characteristics 1, = —40°c to + 85°C, Vpp = 5V +0.5V 


Symbol Parameter | Min | typ | Max | units 


Clock Input Frequency (Notes 3, 4) kHz 
Clock Input High Time ns 
Clock Input Low Time ns 


Data Input Setup Time Po le ns 
Data Input Hold Time =) coe on al ns 
Enable Input Setup Time ij oe el ns 
Enable Input Hold Time Pm al 


tcpo Data Output Clock Low to 
Data Out Time 


ns 


ns 


Note 2: Note that, for timing purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 
Note 3: AC input waveform specification for test purpose: t, < 20 ns, ts < 20 ns, f = 800 kHz, 50% +10% duty cycle. 
Note 4: Clock input rise and fall times must not exceed 5 ps. 


Connection Diagrams Functional Description 
Dual-in-Line Package This product is specifically designed to drive multiplexed or 
= non-multiplexed high voltage alphanumeric or dot matrix 
Vss (OV) OUTPUT 18 vacuum fluorescent (VF) displays. Character generation is 
eee ei done externally in the microprocessor, with a serial data 
OUTPUT 15 OUTPUT 21 path to the display driver. The MM58341 uses three signals, 
OUTPUT 14 OUTPUT 22 DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
setae Aries external load signal. Display blanking can be achieved by 
OUTPUT 11 OUTPUT 25 means of the BLANKING CONTROL input, and a logic ‘1’ 
pas sate ae will turn off all sections of the display. A block diagram of 
OUTPUT 8 OUTPUT 28 the MM58341 is shown in Figure 17. 
ane rae . Figure 2 shows the pinout of the MM58341 device, where 
OUTPUTS putrut 31 output 1 (pin 18) is equivalent to bit 1 (i.e., the first bit of data 
OUTPUT 4 OUTPUT 32 to be loaded into the shift register following ENABLE high). 
fies pa A logic ‘1’ at the input will turn on the corresponding display 
outpur 1 DATA OUT digit/segment/dot output. 
a o ri : A significant reduction in discrete board components can be 
TL/F/5603-2 achieved by use of the MM58341, because external pull- 
Top View down resistors are not required. Due to the nature of the 
Order Number MM58341N output stage, both its on and off impedance values vary as a 
See NS Package Number N40A function of the display voltage applied. However, Figures 3a 
and 3b show that this output impedance will remain con- 
Plastic Chip Carrier stant for a fixed value of display voltage. 
Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58341. 
2 When the chip first powers on, an internal reset is generat- 
ir] ed, resetting all registers and latches. The chip returns to 
normal operation on application of ENABLE, and so all inter- 
face signals should be inactive at power on. 
In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1’ does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., ‘0’-‘1’ 
transition. When the ENABLE signal goes low, the contents 
of the shift registers are latched, and the display will show 
new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58341, being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 
2122 23 Figure 6 shows a schematic diagram of a microprocessor- 
ae er based system where the MM58341 is used to provide the 
eS grid drive for a 32-digit 5 x 7 dot matrix vacuum fluorescent 
(VF) display. The anode drive in this example is provided by 
Top View another member of the high voltage display driver family, 
P namely the MM58348, which does not require an externally 
Order Number MM58341V generated load signal. 
See NS Package Number V44A 
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Timing Diagrams 


+25°C TYPICAL 


Vop + |Vors | (¥) 


lout (uA) 
400 §00 


FIGURE 3a. Output Impedance Off 


TL/F/5603-3 


6000 TYPICAL 
8000 MAX AT + 25°C, Vpis = —20V 
AT +85°C, Vpis = —10V 
4000 MAX 
AT —40°C, Vois = —30V 


lout¢ma) 
1 1.5 2 


FIGURE 3b. Output Impedance On 


TL/F/5603-4 


For the purposes of AC measurements, Vi = 2.4V, Vi_ = 0.8V. 
FIGURE 4. Clock and Data Timings 


TL/F/5603-5 


CLOCK 50% 
DATAIN 50% 


DATA OUT 80% 


tes 


BOG Ne es 


BLANKING ens 
contro. 50% ——— ——f$ > 


Voo ———__.___ — 


TYPICAL 
DISPLAY 
OUTPUT 


Vois 


FIGURE 5. MM5§8341 Timings (Data Format) 
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Typical Application 


32-DIGIT MULTIPLEXED 
5x7 DOT MATRIX 
VACUUM FLUORESCENT 
(VF) DISPLAY 


35 ANODES 


MM58348 MM58341 
DISPLAY DRIVER DISPLAY DRIVER 


CLOCK 8 DATA 8 DATA 1 


MICROPROCESSOR 


TL/F/5603-7 
FIGURE 6. Microprocessor-Controlled Word Processor 
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“National 


Semiconductor 


MM58342 High Voltage Display Driver 


General Description 

The MM58342 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P- and N-channel devic- 
es. It is available both in 28-pin molded dual-in-line pack- 
ages or as dice. The MM58342 is particularly suited for driv- 
ing high voltage (835V max) vacuum fluorescent (VF) dis- 
plays (e.g., a 20-digit alphanumeric or dot matrix display). 


Applications 

m COPS™ or microprocessor-driven displays 
& Instrumentation readouts 

@ Industrial control indicator 

@ Digital clock, thermostat, counter, voltmeter 
m= Word processor text displays 

mu Automotive dashboards 


Block Diagram 


BLANKING 
CONTROL 


OUTPUT 
0 


Features 

m Direct interface to high voltage display 

@ Serial data input 

@ No external resistors required 

@ Wide display power supply operation 

m LSTTL compatible inputs 

m= Software compatible with NS display driver family 

m= Compatible with alphanumeric or dot matrix displays 
g Display blanking control input 

m Simple to cascade 


OUTPUT 


20 OUTPUT 
BUFFERS 


20 LATCHES 


20-BIT 
SHIFT REGISTER 


TL/F/7925=1 


FIGURE 1 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Voltage at Any Input Pin Vpp + 0.3V to Vssg — 0.3V 
Voltage at Any Display Pin Vop to Vpp — 36.5V 
Vop + |Vpisl 36.5V 
Storage Temperature —65°C to + 150°C 


Power Dissipation at 25°C 
Molded DIP Package, Board Mount 2.03W* 
Molded DIP Package, Socket Mount 1.83W** 


Junction Temperature 130°C 
Lead Temperature (Soldering, 10 sec.) 260°C 


*Molded DIP Package, Board Mount, 6), = 52°C/W, 
derate 19.2 mW/°C above 25°C. 


**Molded DIP Package, Socket Mount, 6), = 58°C/W, 
derate 17.2 mW/°C above 25°C. 


DC Electrical Characteristics 


Operating Conditions 
Min 


Supply Voltage (Vpp) 
Vsg = OV 4.5 


Display Voltage (Vpis) —30 
Temperature Range —40 


Ta = —40°C to + 85°C, Vop = 5V £0.5V, Vgg = OV unless otherwise specified 


Symbol Conditions | win | typ | Max _| 


Power Supply Currents 


Vin = Vss Or Vpp, Vss = OV. 


Vpis Disconnected 


All Outputs Low 


Input Logic Levels 

DATA IN, CLOCK 
ENABLE, BLANK 

Logic ‘0” 

Logic ‘1’ 

Data Output Logic Levels 
Logic ‘0’ 

Logic ‘1’ 

Logic ‘1’ 


lout = 400 pA 
louT = —10 pA 


Display Output Impedances 
Output Off (Figure 3a) Vpis = —10V 
Vois = —20V 
Vois = —30V 
Vpois = —10V 
Vois = —20V 
Vpbis = —30V 


Output On (Figure 3b) 


louT = —500 pA 


(Note 1) af 


Vop = 5.5V, Vss = OV 


Display Output Low Voltage Vop = 5.5V, lour = Open Circuit, - 


—30V < Vpis < —10V 
Note 1: 74LSTTL Von = 2.7V @ lout = —400 #A, TTL Von = 2.4V @ lout = —400 pA. 
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AC Electrical Characteristics 1, = —40°c to +85°C, Vpp = 5V +0.5V 


Clock Input 
Frequency 
High Time 
Low Time 


Data Input 
Set-Up Time 
Hold Time 
Enable Input 
Set-Up Time 
Hold Time 
Data Output 
CLOCK Low to Data Out 
Time 


(Notes 3 and 4) 


C_ = 50 pF 


Note 2: For timing purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 
Note 3: AC input waveform specification for test purposes: t,, tp < 20 ns, f = 800 kHz, 50% +10% duty cycle. 


Note 4: Clock input rise and fall times must not exceed 5 us. 


_~Connection Diagrams 


Dual-In-Line Package 


OUTPUT 12 
OUTPUT 13 
OUTPUT 14 
OUTPUT 15 
OUTPUT 16 
OUTPUT 17 
OUTPUT 18 
OUTPUT 19 
OUTPUT 20 
BLANKING CONTROL 
ENABLE 
DATA OUT 
DATA IN 
CLOCK 
TL/F/7925-2 
Top View 
FIGURE 2 


Order Number MM58342N 
See NS Package Number N28B 


Functional Description 


This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a seriai data 
path to the display driver. The MM58342 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic ‘1’ 
will turn off afl sections of the display. A block diagram of 
the MM58342 is shown in Figure 7. 
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OUTPUT 11 
OUTPUT 12 
QUTPUT 13 
OUTPUT 14 


Vss 


OUTPUT 15 
OUTPUT 16 
OUTPUT 17 
OUTPUT 18 
OUTPUT 19 
OUTPUT 20 
BLANKING CONTROL 


MM58342V 


TL/F/7925-8 
Top View 
’ Order Number MM58342V 
See NS Package Number V28A 


Figure 2 shows the pinout of the MM58342 device, where 
output 1 (pin 12) is equivalent to bit 1 (j.e., the first bit of data 
to be loaded into the shift register following ENABLE high). 
A logic ‘1’ at the input will turn on the corresponding display 
digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58342, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figures 3a 





Functional Description (continued) 


and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 


Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58342. 


When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 
normal operation on application of ENABLE, and so all inter- 
face signals should be inactive at power on. 


In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1’ does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., ‘0’-'1’ 
transition. When the ENABLE signal goes low, the contents 


+25°C TYPICAL 


© w 
> > 
tn in 


Von + |Vois | (¥) 


= 
= 
wn 


0 100 200 300 





of the shift registers are latched, and the display will show 
new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58342 being 
output on the falling edge. At any time, the display may be 
‘blanked under processor control, using the BLANKING 
CONTROL input. 


Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58342 is used to provide the 
grid drive for a 40-digit 2 line 5 x 7 multiplexed vacuum 
fluorescent (VF) display. The anode drive in this example is 
provided by another member of the high voltage display 
driver family, namely the MM58348, which does not require 
an externally generated load signal. 


—40°C 


FIGURE 3a. Output Impedance Off 





1.0 













0.5 


Drain to Source Voltage 
Vos (V) 


0 0.5 1 


8002 MAX 
AT +85°C, Vois = —10V 


lout (xA) 
400 500 600 
TL/F/7925-3 
6002 TYPICAL 
AT +25°C, Vois = —20V 
4000 MAX 


AT —40°C, Vots = —30V 


lout(mA) 


2 


TL/F/7925-4 


FIGURE 3b. Output Impedance On 


Timing Diagrams 
CLOCK 


DATA IN 





TL/F/7925-5 


For the purposes of AC measurement, ViH = 2.4V, Vi_ = 0.8V. 
FIGURE 4, Clock and Data Timings 
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Timing Diagrams (continued) 
CLOCK 50% 
DATA IN 


* DATA OUT 
tes 


ENABLE 50% 


BLANKING 
contro. °°% 


Vop 


DISPLAY 
OUTPUT 


FIGURE 5. Timings (Data Format) 


Typical Application 


40-DIGIT BY 2-LINE 
5 x7 MULTIPLEXED 
DOT MATRIX VACUUM 
FLUORESCENT (VF) 
DISPLAY 


35 
ANODES 


MM58348 


DISPLAY 
DRIVER 1 


i 


MICROPROCESSOR 


35 
ANODES 


MM58342 


DISPLAY 
DRIVER 4 


DATA 82 Y 4 


CLOCK 2 


MM58348 
DISPLAY 
DRIVER 2 


BLANK 


TL/F/7925-6 


MM58342 
DISPLAY 
DRIVER 2 


DATA 22 


FIGURE 6. Microprocessor-Controlled Word Processor 
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MM58348 High Voltage Display Driver 


General Description Applications 

The MM58348 is a monolithic MOS integrated circuit utiliz- | = COPST or microprocessor-driven displays 
ing CMOS metal gate low threshold P and N-channel devic- m Instrumentation readouts 

es. It is available both in 40-pin molded dual-in-line pack- — Industrial contro! indicator 

ages or as dice. The MM58348 is particularly suited for driv- —_@ Digital clock, thermostat, counter, voltmeter 
ing high voltage (85V max) vacuum fluorescent (VF) dis- & Word processor text displays 

plays (e.g., a 5 x 7 dot matrix display). = Automotive dashboards 


Features 

m Direct interface to high voltage display 

® Serial data input 

m No external resistors required 

Wide display power supply operation 

m LSTTL compatible inputs 

m@ Software compatible with NS display driver family 

= Compatible with alphanumeric or dot matrix displays 
@ No load signal required 


Block Diagram 


QUTPUT OUTPUT 
B) 1 


35 OUTPUT 
BUFFERS 


35 LATCHES 


35-BIT 1 
DATA IN Pe. SHIFT REGISTER 


TL/F/5601—1 
FIGURE 1 
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Absolute Maximum Ratings Operating Conditions 
If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage (Vpp) 
Office/Distributors for availability and specifications. Vss = OV 4.5 
Voltage at Any Input Pin Vop + 0.3V to Vsg ~ 0.3V Display Voltage (Vpis) —30 
Voltage at Any Display Pin Vpp to Vpp — 36.5V Temperature Range —40 
Vop + \Vpisl 36.5V 
Storage Temperature * —65°C to + 150°C 
Power Dissipation at 25°C 
Molded DIP Package, Board Mount 2.28W* 
Molded DIP Package, Socket Mount 2.05W** 
*Molded DIP Package, Board Mount, Oya = 46°C/W 
Derate 21.7 mW°C Above 25°C 
**Molded DIP Package, Socket Mount, Oya = 51°C/W 
Derate 19.6 mW/°C Above 25°C 
Junction Temperature 130°C 


Lead Temperature 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics 
Ta = —40°C to + 85°C, Vop = 5V +0.5V, Vsg = OV unless otherwise specified. 


| Parameter | Conditions, | Min_| Typ | Max 


Power Supply Currents Vin = Vgs OF Vop; Vop = 5.5V, 
. Vss = OV, Vpjg Disconnected 
Vpp = 5.5V, Vss = OV, 
Vpis = —30V, All Outputs Low 
Input Logic Levels 
DATA IN, CLOCK 
Logic ‘0’ 
Logic ‘1’ 24 


Input Currents DATA IN, CLOCK Vin = OV or Vpp | -10| | 10 | 
InputCapactanceDATAIN,CLOCK | Tt 


Display Output Impedances Vop = 5.5V, Vsg = OV 
Output Off (Figure 3a) Vpis = —10V 
Voig = —20V . 
'Vpis = —30V 
Output On (Figure 3b) Vois = —10V 
Voig = —20V 
Voig = —30V 50 


Display Output Low Voltage Vop = 5.5V, lout = Open Circuit, Youu 
—30V < Vpig < —10V DIS 


Note 1: 74LSTTL Voy = 2.7V @ lout = —400 pA, TTL Voy = 2.4V @ lout = —400 pA. 


AC Electrical Characteristic 1, = —40°c to +85°C, Vpp = 5V +0.5V 


|_ Parameter |_—Gonditions | Min | typ | Max | 
|__ClockinputFrequency | (Notes2andg) | | | 
| ClockinputHigh Time | | goof OT 
| GlockinputLowTime | | sto] 
| Datainputsetuptime | | to |S 
| DatainputHoldtime | | too | 


Note 2: AC input waveform specification for test purpose: t, < 20 ns, t} < 20 ns, f = 1 MHz, 50% +10% duty cycle. 
Note 3: Clock input rise and fall times must not exceed 5 ps. 
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Connection Diagrams 


- Dual-In-Line Package : 


OUTPUT 18 
OUTPUT 19 
OUTPUT 20 
OUTPUT 21 
OUTPUT 22 
OUTPUT 23 
OUTPUT 24 | 
OUTPUT 25 | 
“OUTPUT 26 
OUTPUT 27 
OUTPUT 28 
OUTPUT 29° 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 
OUTPUT 33 
OUTPUT 2 OUTPUT 34 
OUTPUT 1 OUTPUT 35 
Vols DATA IN 
Von (5V) CLOCK 
TL/F/5601-2 


Vss (OV) 

. OUTPUT 17 
OUTPUT 16 
OUTPUT 15 
OUTPUT 14 
OUTPUT 13 
OUTPUT 12 
OUTPUT 11 
OUTPUT 10 
OUTPUT g 
OUTPUT 8 
OUTPUT 7 
OUTPUT 6 
OUTPUT 5 
OUTPUT 4 
OUTPUT 3 


On oaunk wr = 


MM58348 


Top View 
FIGURE 2 


_ Order Number MM58348N 
See NS Package Number N40A 


Functional Description 


This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial. data 
path to the display driver. The MM58348 uses two signals, 
DATA IN and CLOCK, with a format of a leading ‘‘1’’ fol- 


lowed by the 35 data bits, hence allowing data transfer with- ~ 


out an additional signal. A block diagram of the MM58348 is 
shown in Figure 7. 


Figure 2 shows the pinout of the MM58348 device, where 
output 1 (pin 18) is equivalent to bit 1, (i.e., the first bit of 


+25°C TYPICAL 


Yoo + [Yous | (¥) 


Plastic Chip Carrier 


B 
> 


OUTPUT 13 
OUTPUT 12 
OUTPUT 11 
OUTPUT 10 


OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
OUTPUT 26. 
QUTPUT 27 
N/C 
OUTPUT 28 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 


MM58348V 


20 21 22 23 24 


OUTPUT 34 


OUTPUT 35 
OUTPUT 33 


TL/F/5601-8 
: Top View 
Order Number MM58348V 
See NS Package Number V44A 


data to be loaded into the shift register following the start 
bit). A logic 1” at the input will turn on the corresponding 
display digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58348, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figure 3a 
and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 


lout (wA) 


400 500 5600 TL/F/5601-3 


FIGURE 3a. Output Impedance Off 


Drain to Source Voltage 


0.5 1 


8000 


MAX 
AT +85°C, Vois = —10V 


1.5 


6000 TYPICAL 
AT +25°C, Vois = —20V 


4002 MAX 
AT —40°C, Vors = —30V 


loutima) 
2 TL/F/5601-4 


FIGURE 3b. Output Impedance On 
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Functional Description (Continued) 


Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58348. 


When the chip first powers on, an internal reset is generat- 
ed, resetting all registers and latches. The chip returns to 
normal operation on application of the start bit and the first 
clock pulse, and so all interface signals should be inactive 
at power on. , 


In Figure 5, a start bit of logic ‘‘1"" precedes the 35 bits of 
data, each bit being accepted on the rising edge of CLOCK, 
i.e., a ‘O”~''1” transition. At the 36th clock, a LOAD signal 
is generated synchronously with the high state of the clock, 
thus loading the 35 bits of the shift register into the latches. 
At the low state of the clock, a RESET signal is generated, 
clearing all bits of the shift register for the next set of data. 
Hence, a complete set of 36 clock pulses is needed 


Timing Diagrams 


DATA IN 


for the MM58348, or the shift register will not clear. If, at any 
given time, it is required that the display be cleared under 
microprocessor control, i.e., without power on reset, then 
the following flushing routine may be used. Clock in 36 ‘‘ze- 
roes”, followed by a “‘one”’ (start bit), followed by 35 ‘‘ze- 
roes”. This procedure will completely blank the display. 
Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58348 is used to provide the 
anode drive for a 32-digit 5 x 7 dot matrix vacuum fluores- 
cent (VF) display. The grid drive in this example is provided 
by another member of the high voltage display driver family, 
namely the MM58341, which has the additional features of 
a BLANKING CONTROL pin, a DATA OUT pin, and an EN- 
ABLE (external load signal) pin. 


TL/F/5601-5 


For the purpose of AC measurement, Vi4q = 2.4V, Vit = 0.8V 
FIGURE 4. Clock and Data Timings 
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(INTERNAL) | | 
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DISPLAY 
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FIGURE 5. MM58348 Timings (Data Format) 


TL/F/5601-~6 





Typical Application 


32-DIGIT MULTIPLEXED 
5x7 DOT MATRIX 
VACUUM FLUORESCENT 
(VF) DISPLAY 


35 ANODES 


MM58348 MM58341 
DISPLAY DRIVER DISPLAY DRIVER 


CLOCK 8 DATA 8 DATA 1 


MICROPROCESSOR 


TL/F/5601-7 
FIGURE 6. Microprocessor-Controlled Word Processor 
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Designing an LCD Dot 
Matrix Display Interface 


The MM58201 is a CMOS LCD driver capable of driving a 
multiplexed display of up to 192 segments (24 segment col- 
umns by 8 backplanes). The number of backplanes being 
driven is programmable from one to eight. Data to be dis- 
played is sent to the chip serially and stored in an internal 
RAM. An external resistor and capacitor control the 


BACKPLANES 


BACKPLANE 
WAVEFORM 


‘ LOGIC 
RC 
OSCILLATOR POUTER 


MUX 
AND 
DECODE 


DATA 
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frequency of the driving signals to the LCD. The MM58201 
can also be programmed to accept the oscillator output and 
backplane signals of another MM58201 for cascading pur- 
poses. The displayed data may also be read serially from 
the on-chip RAM. A’simplified functional block diagram of 
the MM58201 is shown in Figure 7. 
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FIGURE 1. MM58201 Functional Diagram 
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BACKGROUND 


LCD displays have become very popular because of their 
ultra-low power consumption and high contrast ratio under 
high ambient light levels. Typically an LCD has a backplane 
that overlaps the entire display area and multiple segment 
lines that each overlap just one segment or descriptor. This 
means that a separate external connection is needed for 
every segment or descriptor as shown in Figure 2. For a 
display with many segments such as a dot matrix display, 
the number of external connections could easily grow to be 
very large. 

Unlike other display technologies that respond to peak or 
average voltage and current, LCDs are sensitive to the rms 
voltage between the backplane and given segment location. 
Also, any DC bias across this junction would cause an irre- 
versible electrochemical action that would shorten the life of 
the display. A typical LCD driving signal is shown in Figure 3. 
The backplane signal is simply a symmetrical square wave. 
The individual segment outputs are also square waves, ei- 
ther in phase with the backplane for an “off” segment or out 
of phase for an “on” segment. This causes a Vrms of zero 
for an “off” segment and a Vrms of +V for an “on” 


vii 


TL/B/5606-2 
FIGURE 2. Typical LCD Pin Connections 


POLARITY 
REVERSAL 


ov 
Vic 
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One way to reduce the number of external connections is to 
multiplex the display. An example of this could be an LCD 
with its segments arranged as intersections of an X-Y grid. A 
driver to control a matrix like this would be fairly straightfor- 
ward for an LED display. However, it is more complex for an 
LCD because of the DC bias restriction. 


A multiplexed LCD driver must generate a complex set of 
output signals to insure that an “on” segment sees an rms 
voltage greater than the display’s turn-on voltage and that 
an “off”? segment sees an rms voltage less than the dis- 
play's turn-off voltage. The driver must also insure that there 
is no DC bias. 

One pattern that can accomplish this is shown as an exam- 
ple in Figure 4. This is the pattern that the MM58201 uses. 
The actual Vrms of an ‘‘on” segment and an “off” segment 
is shown in Figure 5. \f there are eight backplanes, the Vrms 
(ON) = 0.2935 X Vc and the Vrms (OFF) = 0.2029 x 
Vrc. It can be seen in Figure 6 that as the number of back- 
planes increases, the difference between Vrms (ON) and 
Vrms (OFF) becomes less. Refer to the specifications of the 
LCD to determine exactly what Vrms is required. 


“OFF” SEGMENT *Y 

DRIVE (IN PHASE) __ 
*V 

BACKPLANE | | | | | 

0 ——_ 

“oN” SEGMENT *Y —— 
DRIVE (180° OUT OF PHASE) 
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FIGURE 3. Drive Signals froma 
Direct Connect LCD Driver 


HM = on (DARK) 
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FIGURE 4. Example of Backplane and Segment Patterns 
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a. Analysis of Vrms (ON) 
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b. Analysis of Vrms (OFF) 
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FIGURE 5 
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FUNCTIONAL DESCRIPTION 


Connecting an MM58201 to an LCD 


The backplane and segment outputs of the MM58201 con- 
nect directly to the backplane and segment lines of the 
LCD. These outputs are designed to drive a display with a 
total “on” capacitance of up to 2000 pF. This is especially 
important for the backplane outputs, as it is usually the 
backplanes that have the most capacitance. As the capaci- 
tance of the output lines increases, the DC offset between a 
backplane and segment signal may increase. Most LCD dis- 
plays specify that a maximum offset of 50 mV is acceptable. 
For backplane capacitance under 2000 pF the MM58201 
guarantees an offset of less than 10 mV. 


If the LCD display to be used has 24 segments per back- 
plane or less, then each MM58201 should be configured as 
a ‘‘master” so that each one will generate its own set of 
backplane signals. However, if the LCD display has more 
than 24 segments per backplane, more than one MM58201 
will be needed for each backplane. To synchronize the driv- 
ing signals there must be one “master” chip and then an 
additional ‘‘slave” chip for every 24 segments after the first 
24, When a chip is configured as a ‘‘slave” it does not gen- 
erate its own backplane signals. It simply synchonizes itself 
to the backplane signais generated by a “master” chip by 
sensing the BP1 signal. An example of both an all ‘‘master” 
configuration and a “master-slave” configuration will be 
shown later. 


Voltage Control Pin and Circuitry 


The voltage presented at the Vtc pin determines the actual 
voltage that is output on the backplane and segment lines. 
These voltages are shown in Figure 7. Vtc should be set 
with respect to Vrms (ON) and Vrms (OFF) and can be cal- 


culated as shown in Figure 5. 
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FIGURE 6. AVrms/Vr¢ 





—— Yss 
TL/B/5606-9 
a. Backplane Output 


0.68 Vr¢ 


0.32 Vio 
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b. Segment Output 
FIGURE 7. Output Voltages 


Since the input impedance of Vtc may vary between 10 kN 
and 30 kQ, the output impedance of the voltage reference 
at Vtc should be relatively low. One example of a Vtc driver 
is shown in Figure 8. To put the MM58201 in a standby 
mode, bring Vtco to Vss (ground). This will blank out the 
display and reduce the supply current to less than 300 pA. 


15V 


2N2222 


TL/B/5606-11 
FIGURE 8. Example of Vrc Driver 


RC Oscillator 


This oscillator works with an external resistor tied to Vpp 
and an external capacitor tied to Vsg. The frequency of os- 
cillation is related to the external R and C by: 


fosc = 1/1.25 RC + 30% 


The value of the external resistor should be in the range 
from 10 kM to 1 MQ. The value of the external capacitor 
should be less than 0.005 uF. 


The oscillator generates the timing required for multiplexing 
the LCD. The frequency of the oscillator is 4N times the 
refresh rate of the display, where N is the number of back- 
planes programmed. Since the refresh rate should be in the 
range from 32 Hz to 100 Hz, the oscillator frequency should 
be: . 
128N < fosc < 400N 


If the frequency is too slow, there will be a noticeable flicker 
in the display. If the frequency is too fast, there will be a loss 
of contrast between segments and an increase in power 
consumption. 


Serial Input and Output. 


Data is sent to the MM58201 serially through the DATA IN 
pin. Each transmission must consist of 30 bits of informa- 
tion, as shown in Figure 9. The first five bits are the address, 
MSB first, of the first column of LCD segments that are to be 
changed. The next bit is a read or write flag. The following 
24 bits are the actual data to be displayed. 


The address specifies the first LCD column that is going to 
be affected. The columns are numbered as shown in Figure 
70. Data is always written in three column chunks. Twenty- 
four bits of data must always be sent, even if some of the 
backplanes are not in use. The starting column can be any 
number between one (00000) and twenty-four (10111). If 
column 23 or 24 is specified the displayed data will wrap 
around to column 1. 

If the R/W bit is a “0” then the specified columns of the 
LCD will be overwritten with the new data. If the bit is a 1” 
then the data displayed in the specified columns will be 
available serially at the DATA OUT pin and the display will 
not be changed. 
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FIGURE 9. Transmission of Data | 
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Diagram above shows where data will appear on display if starting address 01100 is specified in data format. 
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FIGURE 10. Address of Particular Segment Columns 


The data is formatted as shown in Figure 70. The first bit in 
the data stream corresponds to backplane 1 in the first 
specified column. The second bit corresponds to backplane 
2 in the first specified column and so on. 


During initialization each MM58201 must be programmed to 
select how many backplanes are to be used, and whether 
the chip is to be a ‘‘master” or a “slave”. The format of this 
transmission is just like a regular data transmission except 
for the following: the address must be 11000; the R/W must 
be a write (0); the first three data bits must be selected from 
the list in Table I. The next bit should be a “1” for the chip to 
be a master or a “0” for the chip to be a slave. The following 
20 bits are necessary to complete the transmission but they 
will be ignored. The mode cannot be read back from the 
chip. 
TABLE I. Backplane Select 


Number of 
Backplanes. 





The timing of the CLK, CS, DATA IN, and DATA OUT are 
illustrated in Figure 17. The frequency of the clock can be 
between DC and 100 kHz with the shortest half-period being 
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5.0 ps. A transmission is initiated by CS going low. CS can 
then be raised anytime after the rising edge of the first clock 
pulse and before the rising edge of the last clock pulse (the 
clock edge that reads in D24). 30 bits of information must 
always be sent. 
The data at DATA IN is latched on each rising edge of the 
clock pulse. The data at DATA OUT is valid after each fall- 
ing edge of the last 24 clock pulses. 
It is important to note that during a read or write transmis- 
sion the LCD will display random bits. Thus the transmis- 
sions should be kept as short as possible to avoid disrupting 
the pattern viewed on the display. A recommended frequen- 
cy is: 

fosc = 30/(tLicp — 7 ts) 

tLcp = turn on/off time of LCD 

ts = time between each successive transmission. 

This should produce a flicker-free display. 
The DATA OUT pin is an open drain N-channel device to 
Vss. This output must be tied to Vpp through a resistor if it 
is to be used. It could also be tied to a lower voltage if this 
output is to be interfaced to logic running at a lower voltage. 
The value of the resistor is calculated by: 
R = (+V — 0.4)/0.0006 
+V_— = voltage of lower voltage logic 


Power Supply 

Vpp can range between 7V and 18V. A voltage should be 
used that is greater than or equal to the voltage that you 
calculate for Vrc as shown in Figure 5. 





TYPICAL APPLICATIONS 


One application of the MM58201 is a general purpose dis- 
play to show graphic symbols and text. This type of display 
could be used in an electronic toy or a small portable com- 
puter or calculator. One such display is shown in Figure 12. 
This display consists of four separate LCD displays that are 
built into one housing. Each separate LCD display has 8 
backplanes and 24 segment lines. The entire display will 
require four MM58201s to control it. 


The circuit diagram of this application is shown in Figure 74. 
Each separate LCD display is driven by one MM58201. The 
backplanes are driven by the separate MM58201s and are 
not paralleled together. There are three common lines: CLK, 
DATA IN, and DATA OUT. The CLK and DATA IN are gen- 
erated from an output port such as an INS8255. Four other 
bits of the output port generate a linear select with a differ- 
ent bit going to each MM58201 chip select as shown in 
Figure 13. DATA OUT is sent to one bit of an input port. 


ts 


CAN RISE ANY TIME eee 


CAN RISE ANY TIME 


The Vtc driver is as described beforehand. The MM74C906 
is an open drain CMOS buffer that has near regular TTL 
compatible inputs. This is to provide level translation from 
the 5V supply of the computer system to the 12V supply of 
the MM58201. 

If 1/O ports are not available, the circuit in Figure 15 could 
be used as an interface between the MM58201s and a mi- 
croprocessor bus. 

To reduce the number of connections between the circuit 
and the LCD, all of the backplanes could have been driven 
by one MM§58201 as shown in Figure 16. The other 
MM58201s would be configured as ‘“‘slaves’’ synchronized 
to the one ‘‘master’’ MM58201. This would save 24 connec- 
tions to the LCD but would increase the capacitance of the 
backplanes. In this application the capacitance is not a 
problem with either setup. 


eee | MUST RISE BY THIS POINT 


Cid Ss) CD Ss CE 
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FIGURE 11. Timing of One Transmission 





TL/B/5606-15 
FIGURE 12. Four Separate LCD Displays 
Positioned to Look Like One Display 
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7 6 5 4 3 2 1 0 
DATA 


Chip 1 Selected 
Chip 2 Selected 
Chip 3 Selected 
Chip 4 Selected 
No Chip Selected 


FIGURE 13. Chip Select Scheme 
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FIGURE 14. Diagram of Application 
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FIGURE 15. Input and Output Ports for Interface 
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FIGURE 16. Diagram of a Master-Slave Set-Up Not Used for This Application 


SOFTWARE 

The real heart of this system is the software which consists 

of four parts. Part one is the initialization portion. This sets 

up the MM58201s as “masters” and programs them for 8 

backplanes. It then sets up the needed pointers for the oth- 

er subroutines which consist of: 

1) GRAPH: displays pattern on LCD. 

2) TEXT: prints ASCII characters on display. 

3) SCROLL: scrolls whatever pattern is displayed to the 
right until LCD is cleared. 

This application used an NSC800™ with 8080 mnemonics. 

It could easily be adapted for other microprocessors. 
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MAIN 


This program initializes the MM58201s. It controls the se- 
quence of display output by calling other programs. 


It first sends out a ‘\dummy” transmission to make sure that 
the chips are ready to respond to a valid transmission. It 
then programs the chips to be “masters” and to use eight 
backplanes. . 

After initialization, this program sets up the correct pointers 
to display a graphic symbol. First it displays the upper eight 
bits of it, then it displays the lower eight bits. 

The words “TESTING MM58201” are then displayed. A call 
to scroll then causes this to scroll to the right until the 
screen is blank. Finally the words “END OF TEST” appear 
and the program ends. 

The method to create a custom graphic symbol will be dem- 
onstrated in the next section. , 
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N8080 
EXTRN GRAPH,WRITE, MODE, TEXT, CURSOR, SCROLL 


sINITIALIZE 
LXI 


sINITIALIZE 
;SET MODE 0 


THE STACK POINTER 
SP, LFFFH 


THE 810 
FOR PORT A 


sINIT: 


3;SET PORT A 


sINITIALIZE 


;SET UP 
RESTRT: 


DSLOOP: 


PAUSE: 


PAUSEL: 


PAUSE2: 


MVI A,00H 
OUT 27H 


MVI A,OFFH 
OUT 24H 
MVI A,0OOH 
OUT 26H 


MVI A,O 

STA MODE 

LXI H,MASTER, 
MVI E,11000B 
MVI D,00001110B 
CALL WRITE 

LXI H,MASTER | 
MVI D,00001110B 
CALL WRITE 

LXI H,MASTER 
MVI D,00001101B 
CALL WRITE 

LXI H,MASTER 


MVI D,00001011B © 


CALL WRITE - 
LXI H,MASTER 
MVI D,00000111B 
CALL WRITE 


POINTER AND COUNTERS TO 


MVI B,21 

MVI D,0O 

MVI E,48 

MOV C,D 

LXI H,NATSM1 
CALL GRAPH 
LXI H,NATSM2 
MOV C,E 

CALL GRAPH 


LXI H,0FFFFH 
DCX H 

MOV A,H 
ORAL .. 
JNZ PAUSE 


INR 
INR 
INR 
INR 
INR 
INR 
MVI 
CMP 
JNZ DSLOOP 


Urea rououYW 
a 
Oo 


LXI H,TEXT1 
MVI A,O 

STA CURSOR 
CALL TEXT 


CALL SCROLL 


LXI H,TEXT2 
MVI A,O 

STA CURSOR 
CALL TEXT 


LXI H,OFFFFH 
DCX H 

MVI A,2 

DCR A 

JNZ PAUSE2 
MOV A,H 

ORA L 

JNZ PAUSE1L 


THE FOUR 58201'S 


AS OUTPUT AND PORT C AS INPUT 


3sPORT A DDR 


sPORT B DDR 


;SET FOR WRITE MODE 
3;SEND A COMPLETE TRANSMISSION TO CLEAR OUT 
3; ANY OLD CHIP SELECT. 


;CONFIGURE CHIPS 0, 1, 2, AND 3 AS MASTERS 


DISPLAY NATIONAL SEMI SYMBOL 

3B HOLDS # OF COLUMNS TO CHANGE 

3D HOLDS THE STARTING COLUMN NUMBER FOR UPPER HALF 
3E HOLDS STARTING COLUMN NUMBER FOR LOWER HALF 
s;DISPLAY UPPER HALF OF GRAPHIC 


sDISPLAY LOWER HALF OF GRAPHIC 


;PAUSE _ 


sINCREMENT STARTING COLUMN NUMBERS) 


sDISPLAY IT UNTIL COLUMN COUNT IS 30 


sPRINT FIRST TEXT 
3;ZERO THE CURSOR 


sSCROLL THE TEXT 


sPRINT SECOND TEXT 
3;ZERO THE CURSOR 


sPAUSE 
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LXI H, TEXTS 
MVI A,0O 
STA CURSOR 
CALL TEXT 


;PRINT THIRD TEXT 


RST 6 ;END 


TEXT1: DB "TESTING MM58201 ", 0 
TEXT2: DB "THIS IS THE END ", 0 
TEXT3: DB * OF THE TEST ", 0 


MASTER: DB 1111B 
SLAVE: DB 0111B 


;ADDRESS FOR MASTER 
sADDRESS FOR SLAVE 


NATSM1: 
SFH, 9FH, OCFH, 67H, 33H 
99H, OFFH, OFFH, OOH, OOH 

NATSM2: 
OEOH, OE6H, OF3SH, OF9H, OFCH 
OFEH, OFFH, OFFH, OFFH, OFFH, OOH, OOH 


GRAPH 


This subroutine is the center of the software. It is the inter- 
face between the calling programs and the hardware. All 
1/O is generated by this subroutine. 

There are two entrances to this subroutine: graph and read. 
Graph is the entrance used to display new data. Read is the 
entrance used to read data from the display. 

The HL register should point to the beginning of the data to 
be displayed. The B register should hold the number of col- 


umns to change. This must be a multiple of three. The C - 


register should hold the column number to start with. This 
must also be a multiple of three. These restrictions are to 
simplify the software. 

The first operation is the calculation of the correct chip to 
enable and the column number to start within that chip. The 
first bit of the column address is output with the correct chip 


OFFH, OFFH, OFFH, 7FH, SFH, 9FH, OCFH, 67H, 33H, OlH, 7FH 


OFFH, OFFH, OFFH, OEGH, OF3H, OF9SH, OFCH, OFEH, OFFH 


select going low. The rest of the column address is then 
output with all the chip selects high. If the operation is a 
write, the data is sent to the display bit by bit. If the opera- 
tion is a read, the data is read in bit by bit. 


To create a custom graphic symbol, draw it on a grid as 
shown in Figure 17. Group the upper eight squares as a byte 
with the least significant bit at the top, counting a dark 
square as a one. Group the lower eight squares as a byte 
with the most significant bit at the bottom. Use this generat- 
ed data as input lists to the graph subroutine. A good exam- 
ple of this is shown in the listing of main when it calls graph. 


Pad the data at the end with zeros as shown to keep the 
number of data values a multiple of three. Remember, this is 
only a software restriction. A different routine could be used 
that would allow any number of columns to be displayed. 


7F SF OF CF 67 33 O1 7F 3F OF CF 67 33 99 FF FF 00 


Data Upper: 7F, 3F, 9F, CF, 67, 33, 
01, 7F, 3F, OF, CF, 67, 
33, 99, FF, FF, 00, 00 

Data Lower: E6, F3, F9, FC, FE, FF, 
EO, E6, F3, F9, FC, FE, 
FF, FF, FF, FF, 00, 00 


fF F3 FO FC FE FF £0 £6 F3 FQ FC FE FF FF FF FF 00 00 
FIGURE 17. Example Graphic Symbol 
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N8080 
PUBLIC GRAPH, READ, WRITE, MODE 


GRAPHIC DISPLAY DRIVER 


READ: 


INPUT: HL ~ POINTS TO START OF DATA 
B- # OF 8 BIT COLUMNS TO CHANGE (MUST BE MULT. OF 3) 
C= COLUMN # TO START WITH (MUST BE MULT. OF 3) 
OUTPUT: NO REGISTERS DISTURBED 
DATA POINTED TO IS DISPLAYED ON LCD DISPLAY. 
COLUMNS NOT SPECIFIED ARE NOT AFFECTED. 


3;SAVE ALL STATES 


PUSH PSW 
PUSH B 
PUSH D 
PUSH H 


;FLAG FOR A READ OPERATION 


GRAPH : 


MVI A,10000000B 
STA MODE 
JMP GRAPH1 


;SAVE ALL STATES 


PUSH PSW 
PUSH B 
PUSH D 
PUSH H 


;FLAG FOR A WRITE OPERATION 


.MVI A,O 


STA MODE 


;CALCULATE WHICH 58201 TO ACCESS 


GRAPH1: 
ACC: 


MVI D,OEEH 3START WITH CSl 

MOV A,C 

SUI 24 — ;SUBTRACT 24 FROM COLUMN COUNT 

Ic GO sIF CARRY IS SET THE CORRECT CHIP IS SELECTED 
MOV C,A sREG C GETS NEW COLUMN NUMBER 

MOV A,D 

RLC sINCREMENT THE CS TO NEXT CHIP 

MOV D,A ; 

IMP ACC. 


sMAIN LOOP . 


GO: 
M. LOOP: 


SKIP1: 


END.G: 


WRITE: 


. 
» 
. 
’ 
. 
’ 
. 
’ 
. 
’ 


MOV E,C sGET COLUMN NUMBER 

CALL WRITE ;DRAW 3 COLUMNS 

DCR B s;SUBTRACT 3 FROM COLUMN COUNT 

DCR B 

DCR B 

JZ END.G 3IF DONE, JUMP. 

MOV A,E s;ADD 3 TO ADDRESS 

ADI 3 

CPI 11000B sIF ADDRESS NOT MAX THEN SKIP THIS 
INZ : 

MOV 3 

RLC sSELECT NEXT 58201 CS 

MOV 
MVI 
MOV 
JMP 


POP 
POP 
POP 
POP 
RET 


;SAVE NEXT ADDRESS 
sLOOP UNTIL DONE 


sRESTORE ALL STATES 


YVwoUm Serv 


n 
= 


DISPLAY 3 COLUMNS OF DATA 

INPUT: HL~- POINTS TO START OF DATA 
E - ADDRESS 
D = OUTPUT CS 

OUTPUT: HL <= HL + 3 


;SAVE ALL STATES 


PUSH PSW 
PUSH B 
PUSH D 


MVI A,00001111B ;ISOLATE CS IN REG D 

ANA D 

MOV D,A 

MOV A,E ;GET ADDRESS BITS AT HIGH END OF BYTE 
RLC 

RLC 

MOV E,A 
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OUTPUT FIVE ADDRESS BITS WITH CHIP SELECT 


W.LOOP: 


SIGNAL 


MVI C,5 

MOV A,E 

RLC 

MOV E,A 

MVI A,10000000B 
ANA E 

ORA D 

CALL DISPLY . 
DCR C 

JNZ W.LOOP 


FOR A READ OR WRITE 
LDA MODE 

ORI 000011118 

CALL DISPLY 

JP DISO 


;READ THE DATA 


READ1: 


READ2: 


MVI B,3 

MVI C,B 

MVI D,0 

IN 22H 

ANI 00000001B 
ORA D 

RRC 

MOV D,A 

MVI A,00001111B 
CALL DISPLY 
DCR C 

JNZ READ2 
MOV M,D 

INX H 

DCR B 

JNZ READ1 


3sRESTORE STATES 


POP D 
POP B 
POP PSW 
RET 


sDISPLAY THE DATA 


DISO: 
DIS1l: 


DIS2: 


MVI B, 

MVI C, 

MOV D, 
A, 

RRC 

MOV D,A 

ANI 10000000B 

ORI 000011118 

CALL DISPLY 

DRC C 

JNZ DIS2 

INX H 

DCR B 

JNZ DIS1 


sRESTORE STATES 


DISPLY : 


POP D 
POP B 
POP PSW 
RET 


sDISPLAY ROUTINE 
INPUT; A = DATA AND CHIP SELECT 


sROTATE ADDRESS 


sGET MSB 
;sMERGE WITH CHIP SELECT 


-3DEC ADDRESS BIT COUNTER 


;LOOP UNTIL ADDRESS IS OUT 


;JUMP IF THIS IS A WRITE 


33 BYTES OF DATA 

38 BITS PER BYTE 

s;CLEAR DATA BYTE 

;GET A BIT OF DATA 
sMASK OFF UNWANTED BITS 
sMERGE WITH DATA BYTE 
sROTATE DATA 


;SET UP 58201 TO READ NEXT BIT 
sLOOP UNTIL DONE WITH BYTE 


sINCREMENT BYTE POINTER 
sLOOP UNTIL DONE WITH ALL BYTES 


33 BYTES OF DATA 
38 BITS PER BYTE 


sROTATE DATA 

3GET NEXT BIT 

;SET CS 

s;OUTPUT A BIT OF DATA 


sLOOP UNTIL DONE WITH BYTE 


sLOOP UNTIL DONE WITH 3 BYTES 


BIT 7 = DATA 
BITS 0-3 = CHIP SELECT 


OUTPUT: NO REGISTERS DISTURBED 
OUTPUT ONE BIT TO 58201 


PUSH PSW 


ANI 10001111B 
OUT 20H 
ORI 01000000B 
OUT 20H 
ANI 101111118 


POP PSW 


- RET 


DS 1 
END 


sSAVE STATES 


sMASK OFF UNWANTED BITS 
3;SET UP DATA AND CHIP SELECT 
sCLOCK HIGH 


3;CLOCK LOW 
sRESTORE STATES 
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TEXT 


This subroutine will take the ASCI! text pointed to by HL and 
display it on the LCD starting at the column pointed to by 
the memory location CURSOR. The data should end with a 
zero. CURSOR should be in the range of 0-15 as this is the 
extent of this LCD display. The first operation is the calcula- 
tion of the offset into the ASCII table of the first character. 
Thirty-two is subtracted from the ASCII number because 


N8080 
EXTRN GRAPH 
PUBLIC TEXT, LET TR, CURSOR 
TEXT ; 
sDISPLAY A CHARACTER STRING ON LCD DISPLAY 
INPUT: HL-POINTS TO BEGINNING OF STRING 
CURSOR~CURRENT CURSOR POSITION 
OUTPUT: CURSOR <= CURSOR + LENGTH OF STRING 
NO REGISTERS DISTURBED 


PUSH PSW 

PUSH H 
T.LOOP: MOV A,M 

CPI 0 

JZ T.FIN 

CALL LETIR 

INX H 

JMP T.LOOP 

POP H 

POP PSW 

RET 


3SAVE STATES 


sPRINT LETTER 


sLOOP UNTIL DONE 
;RESTORE STATES 


LETIR: 
sDISPLAY AN ASCII CHARACTER ON LCD DISPLAY 
INPUT; A-=CHARACTER T0 DISPLAY 
CURSOR=CURRENT CURSOR LOCATION (0 = 
OUTPUT: CURSOR <= CURSOR + 1 
NO REGISTERS DISTURBED 


;SAVE STATES 
PUSH PSW 
PUSH B 
PUSH D 
PUSH H 


;SET UP HL T0 POINT TO CORRECT DATA 
LXI H,ASCII 
MVI B,O 
SUI 20H 
MOV C,A 
CALL MULT 
DAD B 
LDA CURSOR 
MOV B,A 
ADD B 
ADD B 
ADD B 
ADD B 
ADD B 
MOV C, 
MVI B, 

CALL GRAPH 

LDA CURSOR 

INR A 

CPI 16 

JNZ T.END 

MVI A,O 

STA CURSOR 


A 


;INCREMENT CURSOR 


T.END: 


3;RESTORE STATES 
POP H 
POP D 
POP B 
POP PSW 
RET 


the table starts with a space character. This result is then 
multiplied by six. because the data to be displayed is six 
bytes long. We now have the offset into the table. The char- 
acter is displayed on the LCD. This operation is repeated 
until all the characters have been displayed. 


A custom font can be generated using the same technique 
as that used to create a custom graphic symbol. 


;CHECK FOR END OF STRING 


95) 


sHL POINTS TO BASE ADDRESS ; 
3BC GETS ASCII OFFSET MINUS A CONSTANT 


sMULTIPLY OFFSET BY 6 (DOUBLE PRECISION) 
sHL POINTS TO CORRECT CHARACTER DATA 
sMULTIPLY CURSOR BY 6 TO GET COLUMN NUMBER 


6 sEACH CHARACTER IS SIX COLUMNS WIDE 
sDISPLAY THE CHARACTER : 


;CHECK FOR END OF LCD DISPLAY 


31F SO, RESET TO ZERO 
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MULT: 


;MULTIPLY BC REG BY SIX 
UT: BC - MULTIPLICAND 


CURSOR: 
ASCII; 


INP 
QUT 


PUS 
PUS 
MOV 
MOV 
DAD 
DAD 
DAD 
DAD 
DAD 
MOV 


PUT: BC <= BC * 6 


NO REGISTERS DISTURBED 


H PSW 
HH 


‘aw 


| 
L 
B 
B 
B 
B 
B 
B 
C 
H 
P 


1 

0,0,0,0,0,0 
0,95,95,0,0,0 
0,7,0,7,0,0 
20, 


n 
= 


0,127,20,127,20,0 
36 ,42,127,42,18,0 
35,19,8,100,98,0 
54,735,102, 32,80,0 
0,0,7,0,0,0 
0,28,354,65,0,0 
0,65,34,28,0,0 
34,20,127,20,34,0 
8,8,62,8,8,0 
0,64,48,0,0,0 
8,8,8,8,8,0 
0,96,96,0,0,0 
32,16,8,4,2,0 


62,81,73,69,62,0 
0,66,127,64,0,0 
122,73,73,75,70 
34,65,73,75,54, 
15,8,8,126,8,0 
39,69,69,69,57,0 
62,73,75,73,49,0 
1,97,17,9,7,0 
54,73,73,73,54,0 
6,9,9,9,126,0 
0,54,54,0,0,0 
96,54,54,0,0,0 
8,20,54,65,0,0 
20,20,20,20,20,0 
0,65,354,20,8,0 
2,1,88,5,2,0 
62,65,93,89,78,0 


124,18,17,18,124,0 
127,75,75,73,54,0 
62,65,65,65,54,0 
127,65,65,65,62,0 
127,75,735,65,65,0 
127,9,9,1,1,0 
62,65,65,81,114,0 
127,8,8,8,127,0 
0,65,127,65,0,0 
32,64,64,64,65,0 
127,8,20,34,65,0 
127,64,64,64,64,0 
127,2,12,2,127,0 
127,4,8,16,127,0 
62,65,65,65,62,0 
127,9,9,9,6,0 
62,65,81,35,94,0 
127,9,25,41,70,0 
34,69,73,81,354,0 
1,1,127,1,1,0 
63,64,64,64,63,0 
31,32,64,52,31,0 
127 ,32,24,52,127,0 
99,20,8,20,99,0 
3,4,120,4,3,0 
97,81,75,69,67,0 


»0 
0 


sSPACE 
ot 
s# 
3$ 
im 
36 


aymHUaAWE BV Ass & 


Seca eee - 
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SCROLL 


This subroutine will scroll whatever is displayed on the LCD 
to the right until the screen is clear. It first reads in three 
columns of data. It then writes three columns of data with 
the HL pointer shifted by one byte. This will shift the dis- 
played data by one column. This is repeated until the 


N8080 
PUBLIC SCROLL 
EXTRN READ, GRAPH 


SCROLL: 
;SCROLLS DISPLAY TO THE RIGHT UNTIL CLEAR 
INPUT: NONE 
OUTPUT: NO REGISTERS ARE CHANGED 
SCREEN IS SCROLLED UNTIL CLEAR 


;SAVE ALL STATES 
PUSH PSW 
PUSH B 
PUSH D 
PUSH H 


;SET UP ALL THE POINTERS 


entire LCD has been shifted by one column. Then the entire 
operation is repeated until all the displayed data is shifted 
off the screen. 


This subroutine could easily be adapted to scroll the display 
to the left if desired. 


MVI D,96 sLOOP UNTIL SCREEN IS CLEAR (96 CYCLES) 
REPEAT: MVI A,0O ;CLEAR FIRST BYTE IN BUFFER 


STA BUFFER 


MVI B,3 sREAD 3 COLUMNS ALWAYS 
MVI C,0 3;START WITH COLUMN ZERO 


sREAD THE DATA 


L.READ: LXI H,BUFFER+1 ;SET HL TO POINT TO BUFFER+1 


CALL READ 


LXI H, BUFFER ;SET HL TO SHIFT THE DATA 
CALL GRAPH sREDRAW THE SHIFTED DATA 


sMOVE LAST COLUMN OF LAST READ INTO FIRST COLUMN OF NEXT WRITE 


LDA BUFFER+3 
STA BUFFER 


sUPDATE COUNTERS 


MOV A,C ;sINCREMENT COLUMN NUMBER 


ADI 3 
MOV C,A 


CPI 96 ;CHECK IF DONE WITH ONE CYCLE 


JNZ L.READ 


DCR D sDECREMENT LOOP COUNT 
JNZ REPEAT sLOOP UNTIL DONE WITH ALL CYCLES 


sRESTORE STATES 
POP # 
POP D 
POP B 
POP PSW 
RET 


BUFFER: DS 4 


END 
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OTHER APPLICATIONS 


There are many different types of LCDs that can be con- 
trolled by the MM58201. Some of these are shown in Figure 
78. 


Up to 24 seven-segment digits can be controlled by one 
MM58201. The software to control a multiplexed seven-seg- 
ment display is not too much different from that of the previ- 
ous application. The software is simpler because only one 
MM58201 is needed instead of four. A logic diagram for a 
six-digit multiplexed seven-segment LCD display is shown in 
Figure 19 and the software to control it is in Listing 5. 


BP7 BP2 


Given a string of numbers to display, this subroutine simply 
looks up the data it needs from a look-up table and stores 
this data in a buffer. After every three digits, the subroutine 
sends this data to the MM58201 to be displayed. The digit 
backplanes are wired backward in groups of three to simpli- 
fy the software. The subroutines that this subroutine uses 
are very similar to the equivalent subroutines in the LCD dot 
matrix application. Since there is only one MM58201, the 
software is simpler. There is no need to calculate which 
MM58201 chip select to enable. 


ma 
iI ! IBUE 


Si 


TL/B/5606~21 


FIGURE 18. Typical LCD Connections to the MM58201 
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FIGURE 19. Diagram of a Six-Digit Seven-Segment LCD Multiplexed Display 
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N8080 
;INITIALIZE THE 810 

MV A,O 

OUT 27H 

MVI A,OFFH 

OUT 24H 


LXI BC,TEST 
MVI E,6 
CALL NUMBER 
RST 6 


TEST: DB 1,2,3,4,5,6 


s;SUBROUTINE TO DISPLAY NUMERALS ON LCD DISPLAY 
INPUT BC~POINTS TO BCD DATA STRING 
E -LENGTH OF DATA STRING (MULTIPLE OF 3) 
OUTPUT -NO REGISTERS DISTURBED 
-DATA STRING IS DISPLAYED 


NUMBER: PUSH PSW ;SAVE STATES 
PUSH B 
PUSH D 
PUSH H 


MVI D,3 ;LOOP FOR 3 DIGITS 

LDAX B 

LXI H, TABLE ;CALCULATE ADDRESS INTO TABLE 
ADD L 

MOV L,A 

MVI A,0OH 

ADC H 

MOV H,A 


MOV A,M 3;GET OUTPUT DATA FROM TABLE 
PUSH PSW 


LXI ;STORE INTO DATA BUFFER 
MOV 
ADD 
MOV 
DCR 
POP 
MOV 


INX sINCREMENT POINTER TO DATA STRING 
DCR sDECREMENT # OF DIGITS 

DCR sDECREMENT 3 DIGIT COUNT 

JINZ 3IF NOT THIRD DIGIT THEN LOOP BACK 


LXI 
CALL WRITE sDISPLAY THESE THREE DIGITS 


MOV A,E ;CHECK FOR LAST DIGIT OF DATA STRING 
ANA A 
JNZ DIGS 


POP H sRESTORE STATES 
POP D 

POP B 

POP PSW 

RET 


WRITE: 

3; DISPLAY 3 DIGITS 

; INPUT HL-POINTS TO START OF DATA 
: E -COLUMN ADDRESS 

; OUTPUT -NO REGISTERS DISTURBED 


PUSH PSW 3SAVE STATES 
PUSH B 
PUSH D 
PUSH H 


MOV A,E 3GET ADDRESS BITS AT HIGH END OF BYTE 
RLC 

RLC 

MOV E,A 
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sOUTPUT 


W.LOOP: 


;SIGNAL 


;OUTPUT 


DIS1: 


DIS2: 


OUT: 


FIVE ADDRESS BITS 
MVI C,5 

MOV A,E 

RLC 

MOV E,A 

MVI A,10000000B 
ANA E 

CALL OUT 

DCR C 

JNZ W.LOOP 


FOR A WRITE 
MVI A,OOH 
CALL OUT 


THE 

MVI 

MVI 

MOV 

MOV 

RRC 

MOV 

ANI 10000000B 
ORT 00000001B 
CALL OUT 

DCR C 

JNZ DIS2 

INX H 

DCR B 

JNZ DIS1 


POP H 
POP D 
POP B 
POP PSW 
RET 


sROTATE ADDRESS 
;GET MSB & ENABLE CHIP SELECT BIT 
sOUTPUT BIT WITH CHIP SELECT 


sLOOP UNTIL ADDRESS IS OUT 


s;OUTPUT A ZERO BIT 


35 BYTES OF DATA 


38 BITS PER BYTE 


sROTATE DATA 


3;GET NEXT BIT 
sDISABLE CHIP SELECT 


sLOOP UNTIL DONE WITH BYTE 


sLOOP UNTIL DONE WITH 3 BYTES 


3RESTORE STATES 


s;SUBROUTINE TO OUTPUT ONE BIT TO THE MM58201 


’ 
. 
’ 
. 
’ 


INPUT 
OUTPUT 


A -DATA BIT IN MSB POSITION 
-NO REGISTERS DISTURBED 


-QUTPUT ONE BIT TO 58201 


PUSH PSW 

OUT 20H 

ORI 01000000B 
OUT 20H 

ANI 101111118 
OUT 20H 

POP PSW 

RET 


DS 3 


3;CLOCK HIGH 


3;CLOCK LOW 


DB 00111111B, 00000110B, 01011011B, 010011118 
DB 01100110B, 01101101B, 01111101B, 00000111B 


DB 01112111B, 021101111B 
END 


SUMMARY 

The MM58201 makes it easy to interface a multiplexed LCD 
display to a microprocessor. It is simply a matter of connect- 
ing the display and the microprocessor to the chip, choosing 
a value for Voz, then interfacing your program to use the 
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subroutines listed here or similar ones. Multiplexed LCDs 
are the perfect way to cut down on display interconnections 
while still taking advantage of the LCD’s low power con- 
sumption and high contrast ratio—and the MM58201 makes 
them easy to use. 





Tne MM58348/342/341/ 
248/242/241 Directly Drive 
Vacuum Fluorescent (VF) 
Displays 


1.0 INTRODUCTION 


National has produced a family of high voltage display driv- 
ers which is specially designed for use with vacuum fluores- 
cent (VF) displays. These circuits are fabricated using a 
standard metal gate CMOS process which has been ex- 
tended to allow a maximum operating voltage of 60V, thus 
enabling the design of bright multiplexed displays. In this 
way, the advantages of CMOS are retained (low power), 
while the range of applications for this technology is in- 
creased. Many of today’s high voltage MOS display drivers 
require the use of one external resistor per display output, 
and this leads to a considerable increase in component 
count and board area. National’s display drivers, however, 
incorporate an on-board pull-down resistor structure which 
removes these disadvantages. 


This application note is intended to demonstrate several 
ways in which these display drivers can be configured to 
drive and control a wide range of VF displays. Although par- 
ticular attention will be given to one specific display, a 32- 
character alphanumeric display, the design is presented in 
such a way as to enable easy extrapolation to the system 
designer’s specific applications. 


2.0 FUNCTIONAL DESCRIPTION 


There are six circuits in this new family of high voltage VF 
drivers and they can be sub-divided according to maximum 
operating voltage, number of display outputs, data interfac- 
ing requirements and ability to be cascaded. Each of the 
three circuit configurations is available with maximum oper- 
ating voltages of 35V (MM583XxX) or 60V (MM582XxX). Due 
to the nature of the output stage required to attain high volt- 
age operation of CMOS devices, the drive capabilities of the 
display output decrease as maximum operating voltage in- 
creases. Therefore, to maintain the option of trading off dis- 
play voltage against drive current, each circuit has a high 
voltage (reduced drive) version and a low voltage (high 
drive) version. The three circuit configurations can be identi- 
fied by the number of display outputs they contain (e.g., 20, 
32 or 35 outputs). In all cases, data is entered serially into a 
5V internal CMOS shift register. This data is latched to the 
output either by an external enable control signal 
(MM58241/341/242/342) or automatically by a leading 
start bit in the data stream (MM58248/348). Figure 7. shows 
how the 6 device numbers correspond to the different circuit 
configurations and operating voltages. 


National Semiconductor 
Application Note 371 
David Stewart 


The MM58348/248 devices use a two control line data input 
format (data in and clock) which enables the 40-pin part to 
have 35 display outputs. To load data into the controller, a 
start bit precedes the 35 data bits. The start bit is a logical 
“1” clocked into the IC by the first clock pulse. Next, 35 
data bits are clocked into these parts. The start and data 
bits are shifted in on the rising edge of the clock. As the 
data is clocked into the IC, the start bit is shifted down the 
35-bit register. On the rising edge of the 36th clock pulse, 
data is transferred to the display register and the start bit is 
shifted into the control latch. On the negative edge of the 
clock, the shift register is cleared. The display register feeds 
the level shifters that translate 5V CMOS levels to the 35V- 
60V required by the display. The MM58348/248 devices are 
not cascadable. Typically, these devices would perform the 
segment refresh drive in a multiplexed multi-digit system. A 
functional block diagram is shown in Figure 2. 


The MM58341/241/342/242 devices use a three control 
line data input format (data in, clock and enable) and have 
either 32 or 20 display outputs, as given by Figure 7. This 
configuration sacrifices some outputs to enable cascading, 
enhance control signal flexibility, and provide brightness 
control. Here again, data is shifted into the shift register on 
the rising edge of clock, but no start bit is needed. Instead, 
the enable signal is taken high to input data to the chip. 
When the enable is taken low, the contents of the shift reg- 
ister are loaded into the display register. Again, the display 
register feeds the level translator and display driver outputs. 


Each of the MM58241/341 and MM58242/342 devices has 
a serial data output pin which is connected directly to the 
last stage’s output of the shift register. By connecting data 
out from one device to the data in pin of another device, and 
by holding each circuit’s enable constantly high, the display 
drivers can be cascaded. The result is a shift register with a 
variable number of bits, depending on the mix of circuits 
used. 


The MM58341/241/342/242 devices also have a blanking 
control input. A logic high on this pin turns all outputs off, 
while still retaining the display data. If a logic “0” is then 
applied, the display data will return unchanged. Conse- 
quently, the brightness of the display is proportional to the 
duty cycle of this blank signal. A functional block diagram of 
these devices is shown in Figure 3. 


Operating Voltage 


MM58342 MM58242 


Number 


of MM58341 MM58241 


Outputs 





20 and 32 output drivers use envelope enable 
data format and may be cascaded. 

35 output (5 x 7 dot matrix) drivers use start bit 
data format. 


MM58348 MM58248 


FIGURE 1. The Complete VF Display Driver Family 
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BLOCK DIAGRAMS 


OUTPUT OUTPUT 
35 1 


: 
BUFFERS ( OS co 
ae a MM58348, 
-55V FOR 
MM58248) 
35 LATCHES 


35=BIT 1 
SHIFT REGISTER BIT 


TL/F/7394~1 
FIGURE 2. MM58348/248 


OUTPUT OUTPUT 
32* /20¢ 


BLANKING 32* /20t ev 
C OUTPUT BUFFER DIS 
ONTROL UT B S (Soy FoR 
---f--- MM58341 / 342, 
=55V FOR 


MM58241 / 242) 
32* /20¢ LATCHES 


32° /20t -BIT 
SHIFT REGISTER 


TL/F/7394-2 
FIGURE 3. MM58341/241* and MM58342/2427 
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2.0 FUNCTIONAL DESCRIPTION (Continued) 


Referring to the functional block diagrams shown in Figures 
Zand 3, itis clear that all the internal logic is implemented in 
standard 5V CMOS. Such signals do not possess sufficient 
drive for the high voltage output stage, so the data passes 
through a bank of 15V level shifters to the output section. A 
schematic of the output stage is shown in Figure 4. It can be 
seen that all these display drivers use a two-stage high volt- 
age structure with active pull-up transistors and passive pull- 
down resistors to the display voltage. Because resistor pull- 
downs are used, it is the output switching “off” time which is 
critical for the system design, and this is typically 20 ys for a 
rail-to-rail voltage swing. 


Yop =5V + 0.5V 


HIGH VOLTAGE 
P=CHANNEL 
TRANSISTORS 


LEVEL 


SHIFTER —| 
OUTPUT dISPLAY 


OUTPUT 
PULL~DOWN 
RESISTORS 


Ypis ==30V 
. OR Vols ==55V 


TL/F/7394-3 
FIGURE 4. High Voltage Output Structure 


3.0 DESIGN CONSIDERATIONS 


3.1 The VF Display Configuration 

The operation of a VF display is merely an extension of the 
valve principle, i.e., it is a voltage controlled device. An AC 
waveform is applied across the filament of the display, and 
this excitation causes electrons to be emitted. If both the 
grid and the anode are at a high positive voltage with re- 





spect to the cathode, the electrons reach the anode area, 
which is coated with a fluorescent material. When bombard- 
ed by electrons, this material emits light, hence one seg- 
ment of the display is turned on. 


This particular family of display drivers can drive a wide 
range of VF displays. The simplest case is where each dis- 
play segment can be directly driven by wiring each output to 
the display anode. This normally occurs on displays with a 
smail number of digits and segments (e.g., 4 characters of 7 
segments) and this can be driven by cascading the drivers 
until sufficient data bits are available. This display configura- 
tion has the advantage of not requiring any refresh (which 
would be required if a multiplexed configuration were used) 
but has the disadvantage of needing one wire per segment. 


As the size of the display increases, the number of available 
segments also rises, thus a multiplexing scheme which will 
reduce the number of display connections is desirable. This 
is normally achieved by hard wiring all the segments (an- 
odes) of each digit together, then using the grids to select 
each digit in turn. The correct segment data can then be 
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displayed. Using these techniques necessitates that the dis- 
play be continually refreshed with each digit of data, even 
when that data has not changed. 


To see the advantage of multiplexing, if a 32 character 5 x 7 
dot matrix display is used, a total of 1120 segments is avail- 
able. For this reason, the display is multiplexed and has 32 
grid inputs and 35 segment inputs. The required refreshing 
task must be accomplished without the detection of flicker- 
ing by the human eye, i.e., at a rate greater than 50 Hz. 
(Refresh timing is discussed later.) 


Given the aforementioned display pinout and control logic, it 
is desirable in multiplexed displays to use the MM58341 to 
contro! the display grids (digits) and one MM58348 to con- 
trol the display anodes (segments). 


3.2 The Display-Driver Interface 


When using the MM58XXxX series, no buffering is required 
between the driver output pins and the VF display. It is nec- 
essary only that the driver charge and discharge the display 
in such a time that the refresh rate outlined in the previous 
section can be achieved. All the CF drivers have LSTTL 
compatible inputs, and, as the data source is generally a 
microprocessor, no special interface requirements exist. 


3.3 The Microprocessor-Driver Interface 


Typically, the system utilizing these display drivers will have 
some sort of microprocessor or single chip computer con- 
trolling the display. Thus, this processor will control one or 
more of the display drivers. The drivers have retatively little 
intelligence, therefore the host processor will be in charge 
of updating the display drivers and generating refresh timing 
if needed. The advantage of having minimal intelligence on 
the drivers themselves is flexibility. Virtually any display size 
or type can be used with equal ease, from small 7-segment, 
to British flag types, to larger 5x 7, 7x 9 or 5 x 12 displays. 


The drivers can be directly interfaced to the microcontroller, 
COPS™4XxX, or 80C48/9. This would normally be accom- 
plished by connecting the driver’s data and clock lines to 
control ports on the microprocessor. The MM58248/348 se- 
ries is capable of accepting clock rates up to 1 MHz, and the 
MM58241/341 800 kHz. This is far faster than the control 
port bit manipulation rates for these controllers and will en- 
sure compatibility with most low end microprocessors. 
1 MHz input clock rates will also ensure that the desired 
display refreshing rate is attained. 


In higher end systems using NSC800™ or 6800 8-bit micro- 
processors, the 1 MHz clock rate, coupled with a 300 ns 
minimum pulse width, simplified direct interfacing of these 
drivers to a »P bus. In the simple case, some logic for ad- 
dress decoding would set aside an I/O port for communic- 
tion to each driver, then several bits of the data bus could 
be gated to create the clock, data and enable signals. 
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4.0 TYPICAL DESIGN IMPLEMENTATION 


4.1 Simple Direct Drive Application 


Figure 5 illustrates a simple cascaded direct drive applica- 
tion where MM58241s are cascaded to drive a 7-seqment 
(plus decimal point) display. The MM58241s were chosen 
because of the ease with which they can be cascaded. The 
MM58248s can also be used and provide a few more out- 
puts per package, but cannot be cascaded. 


In this application, the controlling uP need only update the 
display whenever the data changes. When updating the dis- 
play, the data is assembled, enable is raised, and the data is 
clocked serially to the driver. Once all the data is loaded into 
the shift registers, the enable is taken low. This action up- 
dates the display. 


4.2 A 32-Digit 5 x 7 Dot Matrix Application 


In this application, the obvious choice is to implement some 
sort of multiplexing scheme to drive the display with fewer 
lines. This application usually requires that a dedicated con- 
troller be used to generate all the timing signals. 


General multiplex timing of a VF display is usually similar to 
LED multiplexing. First, the segment data for one character 
is output to the display. Next, the digit strobe for that digit is 
raised, enabling the character. Then the digit strobe is 
brought low while the segment data is changed to the next 
character on the display. The next character is enabled by 
raising the digit strobe. This action continues until each 
character is turned on sequentially. Figure 6 shows the ba- 
sic timing for a simple display. 
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AND LOGIC 


. TL/F/7394~4 
FIGURE 5. Typical Direct Drive System with .P 


fie 
DIGIT 1 1 | er 
Dicit 2 | | j — 
DIGIT 3 ee i) r 
DIGIT 4 [1 


DIGIT 5 | 
a 
DIGIT N | | 
ee 


FIGURE 6. Simplified Timing for Multiplexed VF Display 
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4.2 A 32-Digit 5 x 7 Dot Matrix Application (Continued) 


in this design, it is logical to use one MM58341 to control 
the display’s digits. As will be seen, this driver can be easily 
used to shift a single high level bit which will be used to 
sequentially enable each character. One MM58348 can be 
used to drive the segments. A 5 x 7 matrix has 35 segments, 
which is ideal for the MM58348. Therefore, this configura- 
tion has a total of 6 connecting lines to interface the micro- 
processor to the display drivers. The connection diagram is 
shown in Figure 7. Because both of the drivers accept data 
only when the clock is active, it would be possible to couple 
both data lines together. However, although this saves one 
interface line, there is a disproportionate increase in the 
software burden. 


The choice of which driver to use for segments and which 
for digits is dependent only on which configuration is the 
simplest to implement in hardware or software. The 
MM58241/242/248 devices are all equally capable of driv- 
ing the digits or segments of a display. 


4.3 Multiplexed Display Refresh Timing: The Controllers 


Considering first the digit driver (MM58341), it is clear that 
the digits must be enabled sequentially and that this pro- 
cess must be continuous, even when the display data has 
not changed. To this end, the data for the MM58341 is sim- 
ply a one followed by 31 zeroes, where the one is shifted 
along the internal register. As each digit is enabled, the cor- 
responding segment data is displayed. To ensure that no 
ghosting effects are seen during the transition between dig- 
its, the blank signal is activated for a short time before and 
after the segment data is changed. Figure 8 shows the mi- 
croprocessor waveforms and the resultant display wave- 
forms for the 32-character design. Thus, one can see how 
the blank is used to mask the display while the digit enable 
signal goes low and the erenent data is latched. 
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FIGURE 7a. Typical Architecture for Higher End System Utilizing Dedicated Display .P 
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4.4 Multiplexed Display Refresh Timing: 
Display Brightness (Continued) 


The refresh rate of the display is defined as the equeneys at 
which each digit is enabled (i.e., the reciprocal of the time 
taken to display all digits). It is generally accepted that in 
order to avoid visible flickering, a refresh rate in excess of 
50 Hz is required. Typically, VF manufacturers recommend 
100 Hz-200 Hz. Some sample calculations follow and as- 
sume a refresh rate of 100 Hz. Therefore, the time given to 
display ail digits is 1/(100 Hz) = 10 ms, and is 10 ms/num- 
ber of digits) for any one digit. For this example, 10 ms/32 
= 312.5 us..This is defined as the total digit multiplex time 
and will be made up of a digit “on” time and an inter-digit 
blanking time. The inter-digit blanking is required to prevent 
display ghosting when digit information changes. 


In general, then, the total digit time (tp) is the inverse of the 
refresh rate (fr) divided by the number of digits in the display 
(nd), i.e., 

tp = 1/(frx nd) seconds. 


Since each digit time is composed of the ‘‘on 
and the blanking time, tpo¢r, the total digit time is: 


tp = toon + tporr (seconds). 

A useful measure of the brightness of a multiplexed display 
can be obtained by comparing it to the direct drive (100% 
brightness) case. In the direct drive application each digit is 
“on” permanently, while in the multiplexed mode each digit 
s “on” only for a portion of the time taken to refresh the 
display. Therefore, the measure of multiplexed brightness is 
given by the ratio of an individual digit “on” time to the total 
refresh time. Noting that the refresh time is a function of the 
total digit time (tp) and the number of display digits (nd), a 
percentage figure for the brightness compared to the direct 
drive case can easily be calculated. 


t 
percent muxed brightness = DON 
tp < nd 


= IDON 

(toon + tporF)nd 

Thus, regardless of the display logic’s refresh speed, the 
display brightness will obviously depend on the amount of 
multiplexing and the amount of inter-digit blanking time. This 
is one constraint limiting the multiplexing scheme, and dis- 
play manufacturers’ data sheets should be consulted to de- 
termine a display’s limits. This will, to a large degree, deter- 
mine whether a design should use 32-digit multiplexing or 
perhaps two separate 16-digit multiplexed displays. 


There are also limitations on the refresh rate based on the 
speeds of the hardware. In this design, the “on” time has a 
minimum value given by the time required to load the start 
bit and the first 34 data bits of the MM58348/248, i.e., the 
time required for 35 clock pulses of the MM58348. The 
MM58348 has a maximum clock frequency of 1 MHz, so the 
minimum time for 35 clock pulses is 35/(1 MHz) = 35 ps. 


The digit ‘‘off’’ time is constrained by the time required to 
clock the digit driver and to load the final segment data bit, 
or the time for the display outputs to switch off then on, 
whichever is greater. The MM58341 has a maximum clock 
frequency of 800 kHz, so the minimum digit ‘‘off” time due 
to driver limitations is related to 1/(800 kHz) + 1/(1 MHz) 


x 100 


percent muxed brightness = 


= 2.25 ws. The blanking signal must be active during this | 


time. Also, though the display outputs take typically 20 us to 
switch, the display itself limits the minimum digit “off” time 
and is actually 20 ys. 


” time, toon 


Te tee total digit time per digit is: 

= 35 ws, + 20 us = 55 ys. 
Ata refresh a of 10 ms, 10 ms/55 us equals the theoreti- 
cal maximum number of digits that can be multiplexed, or 
about 180 35-segment characters. This is unrealizable since 
current display ‘‘on” times must be greater than 35 us, and 
total digit duty cycles (or percent brightness) must be much 
higher. 


= vaay 
xX 100 = 0.25% 
55 us X 180 a a 


For the 32-digit case, the nie brightness is more realis- 
tic: 


percent brightness = 


0.29 ms 
0.31 ms x 32 


These times are the limits of the drivers. If the time required 
to load them is limited by the speed of the controlling proc- 
essor, the update times are calculated from the clock rates 
of the controlling 4P. However, as one can see, the limita- 
tions are more likely due to the display. 


percent brightness = xX 100 = 2.9% 


4.5 VF Display Brightness Control . 


Generally, to control or vary the brightness of a display, one 
can either vary the display drive voltage or vary the ‘on 


_ time duty.cycle by applying a signal to the blanking control. 
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The duty cycle of the blanking signal will determine the 
brightness. This latter technique is preferred since more 
predictable behavior results. 


In the simple direct drive case the MM58241/341/242/342 
must be used. A periodic waveform is applied to the blank- 
ing pin. Its frequency should be greater than 100 Hz- 
200 Hz. As the duty cycle is varied, the percentage of time 
that the digits are ‘‘on” is changed and the perceived bright- 
ness changes. 


In a multiplexed application, the brightness can be altered 
by merely modifying the relative length of the inter-digit 
blanking signal. This is easily accomplished in the software 
of the controlling uP by adding a delay while the blanking 
signal is active and subtracting the same delay from the 
time the blanking signal is inactive. 


The relative brightness is the percentage of time that any 
one character is ‘“‘on’”’ divided by the sum of the character’s 
“on” and “‘off’ times. The latter term was previously defined 
as the total digit time. Thus: ai 

relative brightness = tpon/tp. 
Due to hardware refresh update speed limitations, 100% 
and 0% brightness cannot be achieved and also maintain 
proper refreshing, although 0% can be achieved just by 
stopping refresh and blanking continuously. (Note that this 
percentage is relative to the theoretical minimum and maxi- 
mum brightness for a given multiplexed display, not the 
brightness relative to a direct drive display as was done 
previously.) 
In the above 32-digit example, the maximum brightness is 
(assuming 10 ms refresh rate and 20 ps minimum inter-digit 
blanking): 


max. percent brightness = (0.29 ms/0.31 ms) x 100 
= 93.6%. 


The minimum brightness, assuming 35 ys minimum “on” 


“time is: 


min. percent brightness = (0.035 ms/0.31 ms) x 100 
= 11.2%. 





Clearly there is a large range of available display brightness 
levels which are easily software controllable by altering the 
duty cycle of the blanking signal. 


Again, the above analysis assumes that the microprocessor 
unit is interfacing with the display drivers at their maximum 
data rates. If this is not the case, some part of the bright- 
ness range will be lost. 


Refer to Appendix for general system considerations. 


5.0 THE SOFTWARE 


Having outlined the general method by which the data can 
be displayed, it now remains to demonstrate how this can 
be achieved at the microprocessor level. It was thought best 
to use a familiar microprocessor for this task, so the imple- 
mentation will use a 6502 and 6522 VIA circuit. The proce- 
dure which will be described is merely one example of how 
these display drivers can be applied, and it is hoped that by 
concentrating on the arranging and loading of the data, a 
more general benefit will be gained. 

The application to be described here is that of an alpha-nu- 
meric display where characters are entered from a key- 
board onto a VF display, feeding in from the left. The pro- 
gram will also accept control codes such as line feed, de- 
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lete, etc. The general flowchart for this routine is shown in 
Figure 9. When the character is collected from the keyboard 
buffer it must first be established that it is a valid ASCII 
code; if not, it is ignored and the present data will continue 
to be displayed. The next thing to check is whether it is a 
control code. If it is a control code, the function represented 
must be executed on the existing data and the resulting 
data displayed. Assuming the ASCII code is not identified as 
a control code, it must correspond to a display character, 
and hence will be entered at the start of the display data 
buffer. Following this, the 32 characters denoted by the con- 
tents of the display data buffer are displayed, and after the 
last digit is enabled the keyboard buffer is checked for new 
data. As the display refresh rate far exceeds the speed of 
the human typist, each set of data is displayed several times 
before it changes. 


Looking at the routine for displaying the 32 digits in more 
detail, a flowchart can be drawn up, as shown in Figure 10. 
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5.0 THE SOFTWARE (Continued) 


After first setting up and clearing the port lines and both the 
display drivers, a routine is performed for each of the 32 
display characters. The ASCII code is collected and decod- 
ed to reveal memory locations where the corresponding 35 
segment bits are stored. The start bit and first 34 data bits 
are loaded into the MM58348. Then the MM58341 blank 
signal is activated while the relevant digit is enabled and the 
final segment is loaded. After blank is removed, the next 
ASCII code is collected and decoded, etc. When the last 
digit has been loaded, contro! returns to the main program 
for the updating of the display data. 


The machine code routine for the setting up of each digit of 
display data is shown in Figure 77. The relevant addresses 
of ports and digit codes are included in Figure 12 to make 
the program comprehensible. The address of the segment 
data is stored in locations OOE2 and 00E3, and it is assumed 
that this is updated outside the display subroutine. The ports 
can be addressed as 8-bit memory locations or as individual 
lines. When considered as individual bits, the fifth address 
bit either sets or clears that bit, i.e., STA 0915 sets PA5 and 
090B clears PBS. 


The segment data for each character is stored as 7 consec- 
utive memory locations, each containing 5 data bits. 


DISPLAY STA 0910 
STA 0918 ° 
STA 0908 
STA 0900 
LDY #06 
JSR LOAD5 
LDA (I)E2 . 
LDX #04 
STA 0920 
STA 0918 
STA 0909 
LSRA 

DEX 

BNE LOOP1 
STA 091B 
STA 0919 
STA 0909 
STA 091C 


\ Load start bit. 

\ Load 30 segment 
\ bits, 5 at a time 

\ Load lowest addr. 


\ Load 4 seg. bits. 
\ Enable high. 


" \ Digit select clock. 
\ Blank high 


LOADS 


LOOP2 


The contents of each location are loaded into port A via the 


accumulator, starting with the highest memory address. This 
is achieved by indexing the lowest memory address by the 
contents of the Y register (starting as 06) and decrementing 
this register as every 5 bits are loaded. The least significant 
bit of port A is used for the segment data (PAO) and the 5 
data bits are loaded by storing the code to port A, logically 
shifting it to the right, and storing it to port A again. This 
procedure is repeated 5 times for each memory location. 
The code given in Figure 77 is for the brightest case, i.e., 
where the blank signal is disabled, as soon as the data has 
been latched to the display outputs. Clearly, the brightness 
can be altered by delaying this action. 

The data is held in memory in the form of 7 locations of 5 
bits each. This format was chosen because each location 
can be equated to one row of 5 x 7 dot matrix, where the 
lowest memory location corresponds to the bottom row. For 
example, if it is desired that a “5” be displayed in the form 
shown in Figure 72, then the 36-bit data stream is as dem- 
onstrated. Assuming that the data is stored at-the 7 loca- 
tions ‘starting at address 2120, then the location contents 
are as denoted in Figure 13. 


‘STA 090B \ Enable low. 
STA 0920 
STA 0918 
STA 0908" 
STA 090C 
RTS 
LDA (I), Y E2 
LDX #05 

- STA 0920 
STA 0918 
STA 0908 
LSRA 
DEX 
BNE LOOP2 
DEY 
BNE LOAD5 
RTS 


\ Load 35th segment 
\ bit. 

\ Blank low. 

\ Ret. to main prog. 

\ Load mem. contents. 
\ Count for 5 bits. 

\ Push data to port A. 
\ Segment clock high. 
\ Segment clock low. 
\ Shift seg. data 

\ and dec. bit count. 


\ Set up address of 
\ next 5 seg. bits. 

\ Return to display 
\ subroutine. 


_ FIGURE 11. Display Data Load Subroutine 


Port A—Address 0920 


portpit_ | Function | Address 


Data 8 
Not Used 
Not Used 


Not Used 

Not Used 

Not Used 

Not Used 

.Not Used 

Lowest memory address giving location of segment display data: stored in locations OOE2 and 00E3. 
FIGURE 12. Port and Relevant Memory Addresses 
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Port B—Address 0921 


Clock 8 
Clock 1 

Data 1 
‘Enable 

Blank 
Not Used 
Not Used 
Not Used 





5.0 THE SOFTWARE (Continued) 
Desired Display Character (Numeric 5) 


row 1 
row 2 
row 3 
row 4 
row 5 
row6 
row 7 


Desired DataStream 


01110000010000111110100001000011111 | 1 | 
start 
bit 

direction of data entry ; 


Memory Contents (Assuming Lowest Address = 2120) 


FIGURE 13. Example of Segment Data Arrangement 


6.0 CONCLUSIONS 

This design example is merely one of the many possible 
applications for the MM58348/341/248/241 family of high 
voltage display drivers. For other applications it should be 
noted that the other 2 circuits in this series, namely the 
MM58342 and the MM58242, can provide a much wider 
range of possible connections. For example, larger displays 
such as the 2-line by 40-digit 5 x 7 dot matrix formats can be 
driven with two MM58348s and two MM58342s cascaded to 
form a 40-bit shift register. 

The method by which the segment data is shown to be 
stored and accessed in memory in convenient in the above 
example, although again it is only one of the many methods. 
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An alternative using 5 locations of 7-segment data bits is 
possible, where the software would be faster but the data 
formatting more difficult. There are many trade-offs to be 
found with so versatile a series of circuits. 


The code used to demonstrate this example is that of the 
6502 microprocessor, and it would be a simple task to con- 
vert the instructions for another device (e.g., National's 
CMOS NSC800). The versatility of display formats available 
is a major feature, and the fact that these display drivers are 
CMOS devices guarantees their low power consumption. In 
addition, the outputs incorporate internal pull-down resistors 
which greatly reduce the external component count. This 
cuts the required board area; consequently a considerable 
saving in system cost can be made. 
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APPENDIX: SYSTEM CONSIDERATIONS FOR 
VF DISPLAY DRIVING 


The purpose of the following text is to show how a designer 
can make decisions on displays he can drive or ranges of 
brightness he can achieve with a given system. Alternative- 
ly, it can be used as a method of designing a system to 
meet a desired display specification. 

THE THEORY 

1, System Decisions 

System Constraints: 

a. Refresh rate (f;) 

b. Number of display digits (nd) 

c. Rate at which drivers are clocked by system (fo_k) 
Associated Parameters: 

a. Total time available to diplay all digits (t,) 

b. Total time allocated to each digit (tp) 

c. Total time each digit is on (toon) 

d. Total time each digit is off (tpoFF) 

e. Number of display segments (ns) 


f. Number of system clocks peguired to display one wie : 


(ncon) 

g. Number of system clocks required to 5 load segment bits 
(nc) 

h. Number of system clocks required to latch both segment 
and digit data (ncofr) 


From the above definitions, the following equations can be 
Stated: 


= 1/f, (seconds) 
t-/nd = 1/(f; X nd) (seconds) 
= time to load segment bits for next agit 
= ns system clocks 
NCon system clocks 
= ncon/fcoik (seconds) a 
time to latch segment bits and to Snable rele- . 
vant digit 
= ncorr system clocks 
ncorr/foLk (seconds) 


= tpon + tporr 
(ncon/foLk) + (NCoFF/foLK) 
= (NCon + NCoFF)/foLK 
nce/foik (seconds) 
And: 
folk = ne/tp 
ne X f,, x nd (Hertz) 
2. Brightness Variation Considerations 
The brightness of the display is proportional to the duty cy- 
cle of the blank signal, and the range of intensities available 
depends on the size of toon and ultimately the refresh rate, 
fr. 
Bd = brightness of the display 
duty cycle of blank signal 
tpon/tp 
In the above example, the least bright case is where the 
blank signal is low for only one system clock per digit. 


Bd (min) = 1/nc 


4-136 


And the brightest case is where blank is low only for the 
time required to latch the segment data and enable the digit. 


Bd (max) = (ne — ncorr)/ne 
= 1.— [(nco¢r)/nc] 

The range of available brightness level, Br, is: 

Br = Bd (max)/Bd (min) , 

[(nc — nceogr)/ne]/(1/ne) 
= nce — nNCorr 

It should be noted that this is the minimum range of avail- 
able brightness levels because tp was minimized to maxi- 
mize fr. If the system clock were fast enough to allow the 
maximum refresh rate to be in excess of the desired fr, then 
tp could be increased from its minimum value. This would, in 
turn, produce a wider range of brightness levels. 


It should also be noted that most manufacturers quote a 
minimum duty cycle for each digit. The system designer 
should ensure that neither end of the brightness specifica- 
tion exceeds this value. 


THE APPLICATION 


For the purposes of doing some sample calculations using 
the above theory, we will assume use of the system previ- 
ously described, i.e., the driving of a 32-digit 5 x 7 dot matrix 
display by one MM58341/241 and one MM58348/248. 
1. System Decisions 
The number of display digits is fixed, i.e., nd = 32 Geen = 
35 and ncorF = 2, So nc = 37 system clocks). Assume 
system has a 125 kHz clock rate. 
Therefore, the resulting refresh rate is: 
fr = fork/(ne X nd) 

125000/(37 x 32) 

105 Hz 
ies the system clock rate rigeded for a given refresh rate 

can be calculated, e.g., f- = 200 Hz. 

foLK= ne X f, X nd 

37 X 32 X 200 

237 kHz 

= approximately 250 kHz 

There are many other examples of how this theory can be 
used to evaluate the possibilities for VF systems. 
2. Brightness Variation Considerations 
We can now calculate range of brightness intensities avail- 
able with the above system, i.e., where foLk = 125 kHz, 
fp = 105 Hz. 
Bd (min) 


Bd (max — (NcorF/nc) 


— (2/37) 


Hin wy 


Br 


Bd (max)/Bd (min) 
35 


So the brightness can vary from its lowest value to its maxi- 
mum value, which is 35 times the minimum level. 

Also note that the minimum duty cycle for this display is 
given as 1/40 (manufacturer’s specification), so there is no 
problem in this application. 





Let us now take the example of driving the same display 
with a system where fo_k = 500 kHz, at a desired refresh 
rate of 200 Hz. 
ne = fork/(f, < nd) 
= §00000/(200 x 32) 
NCorF is 2 as before, and although we require only 35 
clocks to load the segment data, 
NCON = Nc — NCoFF 
= 78-2 
76 system clocks 
In general, the higher the system clock rate, the wider the 
brightness control range. 
Therefore, 
Bd (min) = 1/nc 
1/78 


But, remembering that Bd (min) must be less than the stated 
duty cycle (1/40): - 

Bd (min) = 2/78 
= 1/39 

1 — (ncor¢e/nc) 

1 — (2/78) 

76/78 

38/39 

Bd (max)/Bd (min) 
= (38/39)/(1/39) 
= 38 
So, we can see that by manipulation of the system con- 
straints, a wider range of brightness levels can be attained, 
although this is ultimately limited by the stated duty cycle of 
the display. 


Bd (max) 
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A Novel Process for 
Vacuum Fluorescent (VF) 
Display Drivers 


Introduction 


The recent introduction of Vacuum Fluorescent (VF) dis- 
plays has provoked a great deal of interest in the market 
place in general, and in particular for use in automotive 
dashboard applications. Consequently, this attention has 
spread to the wide range of display drivers presently avail- 
able. To take advantage of these displays, a new form of 
high voltage driver was required, at a lower cost than the 
previously available integrated circuit. 


The Vacuum Fluorescent 

(VF) Display 

The operation of a VF display is based upon that of a stan- 
dard valve, where electrons are emitted from the cathode 
and are accelerated through the grid on to the anode. Initial- 
ly, a filament element heats the electrons at the cathode, 
providing the electrons with the necessary energy for emis- 
sion. If both the grid and the anode are at a positive poten- 
tial with respect to the cathode, then the emitted electrons 
pass through the grid and onto the anode. In a VF display, 
the anode terminal is coated with a fluorescent material, 
which will emit light when bombarded by electrons. The 
general structure of such a display is shown in Figure 7. The 
anode areas correspond to individual segments of the dis- 
play, and the grid is used to switch on and off whole digits, 
facilitating the option of multiplexed anodes. The brightness 
of the display varies directly with the voltage difference be- 
tween cathode and grid/anode, and this has resulted in the 
need for high voltage drivers. 


The type of display selected for an automotive dashboard is 
a Critical decision, and there is a wide range from which to 
choose. Light emitting diode (LED) displays are commonly 
used in electronic dashboards at present, although they 
have the serious disadvantage of high power dissipation 
and a low level of brightness. Given the wide range of appli- 
cations found for liquid crystal displays (LCD) in recent 
years, one might expect to find this technique applied to 
dashboards. However, LCD has the inherent disadvantage 
of a limited operating temperature range and the low tem- 
perature operation demanded in automotive applications re- 
sults in difficulties when using present LCD technology as a 
substitute for LED. More modern display techniques, such 
as gas discharge or plasma, may provide a viable alterna- 
tive in the future, but the technology has not been sufficient- 
ly proven at this stage. A VF display, on the other hand, is 
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weii suited io auiomuotive applications Sscause of its high 
brightness level, relatively low power consumption, and 
wide operating temperature range. Further, due to the re- 
cent introduction of thick and thin film techniques into dis- 
play device manufacturing processes, it is with relative ease 
that high volumes of customer designed VF displays can be 
produced. 

The application of VF displays to automotive dashboards 
demands additional requirements, because of the wide 
range of environmental conditions under which it must oper- 
ate efficiently. In particular, it is imperative that the display 
characters are easily distinguishable in extreme light condi- 
tions. The visual recognition of the display information can 
be optimised readily by means of suitable filtering, and it is 
also desirable that the character brightness is variable. The 
latter could be achieved by altering the display voltage in 
proportion to signals from a light sensor mounted alongside 
the display on the dashboard. 


High Voltage Display Drivers 


EXISTING HIGH VOLTAGE DISPLAY DRIVERS 


The most common, and indeed the most publicized type of 
display driver utilizes a mixture of MOS and bipolar technol- 
ogies. While the logical areas of these devices operate as 
standard MOS 5V logic, each display output consists of a 
high voltage (up to 150V) Bipolar buffer. These output struc- 
tures result from well known npn and pnp design tech- 
niques, e.g. emitter follower, Darlington pair, etc., where 
high output source currents (up to 100 mA) are the aim. 
These high current circuits appear to be the legacy from 
high power LED display drivers and, although capable of 
driving VF displays, such devices have several drawbacks. 
First and foremost they are expensive, mainly due to the 
inherent low density of Bipolar technology which, if many 
display outputs are included in the circuit, can significantly 
increase die size and hence cost. For certain desired output 
structures it may be necessary to include extra masking 
steps to the basic MOS process, e.g. to form an epitaxial 
layer, and this again will inevitably lead to increased costs. 
Further, the high current outputs result in very high power 
consumption on chip which, depending on the package 
used, may cause problems due to excessive die tempera- 
tures. Difficulties associated with power dissipation may 
lead to a reduction in the number of display outputs per 
chip, or at least a limitation on the number of segments 
illuminated simultaneously. 


FILAMENT/ 
CATHODE 





MATERIAL ANODE 
TERMINAL == TL/F/8349-1 


FIGURE 1. Cross-Section of a Vacuum Fluorescent (VF) Display 
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FIGURE 2. Example of a High Voltage MOS Open Drain Structure 


Another readily available type of high voltage display driver 
is fabricated using MOS techniques only. Such devices use 
PMOS technology, and the high voltage output swings are 
achieved by means of open drain p-channel output transis- 
tors, as shown in Figure 2. Significant reductions in chip size 
can be achieved in this way, although such devices require 
one external pulldown resistor per display output. Conse- 
quently the board component count, and hence the system 
cost, will increase. 


Surveying the literature, several points of interest emerge. 
First, there is a trend towards including far more decoding 
and control logic on chip, and it is likely that this has oc- 
curred due to the increasing use of high voltage displays in 
word processor applications. Thus, there is a demand for 
decoding of both ASCII character display data and ASCII 
control codes direct from the keyboard. In addition, it ap- 
pears to be relatively rare to find display drivers with direct 
TTL data and clock inputs. Some devices cater for RS232 
or other standard interface requirements, but many devices 
require some level shifting circuitry between the data source 
and display driver inputs. 


THE ‘IDEAL’ VF DISPLAY DRIVER 


As has already been stated, the operation of a VF display is 
similar to that of a valve and hence is a voltage controlled 
device. In addition, the nature of the fluorescent material is 
such that the amount of light emerging from the display is 
directly proportional to both the number of, and the speed at 
which the electrons arrive at the anode. The number of 
electrons emitted from the cathode is a function of the cur- 
rent in the filament and as such, has a limit. The accelera- 
tion of the electrons, on the other hand, is directly propor- 
tional to the voltage between the cathode and the grid/an- 
ode. Thus, one major requirement of the VF driver is that it 
is capable of large output voltage swings between the on 
and off conditions. At present, typical VF displays operate at 
a maximum cathode to grid/anode voltage of 50 volts, and 
so it is essential that the driver can produce output swings 
of at least 50V. 

Coupled with the discussion on output voltage capabilities, 
an examination of the display output current requirements 
should be undertaken. The previous conclusion, that the VF 
display is a voltage controlled device, suggests that high 
current outputs are not required (typically 5 mA for a seg- 
ment and 10 mA for a digit). The driver output must charge 
and discharge the display capacitance in such a time as to 
avoid visible flickering or ghosting effects. Given that most 
VF displays now have multiplexed anodes, and that the re- 
fresh rate must be greater than 100 Hz to prevent the above 
effects, then it can be seen that charge/discharge times in 
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excess of 100 psecs can be tolerated. A typical VF display 
has a capacitance of 20 pF and if the output off resistance 
is 200 KQ, then a discharge time constant of 4 wsecs can 
be anticipated, more than adequate for the demands of the 
human eye. 


Another desirable characteristic of the VF driver is that it 
has internal pulldown resistors on each of its display out- 
puts. Thus, the complete structure shown in Figure 2 can be 
incorporated on to the integrated circuit, and this will reduce 
component count and hence cost. The value of this resistor 
is critical in terms of both output voltage swing and standby 
power consumption, and as such is a parameter which must 
be closely defined. In addition, because low power con- 
sumption is desirable, the 5V logic on chip should dissipate 
as little power as possible and for this reason complementa- 
ry MOS (CMOS) is the optimum processing technology to 
be used. 


The cost of the finished product is closely related to the 
complexity of the fabrication process used and so the most 
proven of the available CMOS processes should be chosen. 
Thus, metal gate CMOS will be the process used. 


Standard Metal Gate CMOS 
Processing 


Examining the requirements outlined in the previous sec- 
tion, it is clear that metal gate CMOS design techniques can 
provide low power 5V internal logic and TTL microprocessor 
interface inputs with relative ease, using existing methods. 
Hence, it is the other requirements, namely high voltage 
outputs and on chip pulldown resistors, which demand clos- 
er attention. 


OPERATING VOLTAGE LIMITATIONS 


The electrical parameters which accompany the CMOS 
metal gate design rules state that 18V is the maximum volt- 
age of operation of any circuit designed according to those 
rules. In order to contemplate possible ways by means of 
which this limitation can be overcome, the mechanisms 
which cause it must be examined. 


In general, it is the phenomenon of breakdown which deter- 
mines the maximum operating voltage, and there are sever- 
al methods by which this can occur. One such instance is 
junction breakdown, where the reverse biased pn diffusion 
diodes inherent in the process exhibit either avalanche or 
zener breakdown mechanisms, as described by Bar-lev (1). 
Under these conditions, the diodes begin to conduct in the 
reverse direction and clearly this will prevent the circuit from 
operating as designed. In practice, however, this does not 
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occur until junction voltages in excess of 80V are applied 
and hence it is not a limiting factor on the VF driver circuit 
envisaged. 


Another breakdown method is punchthrough, of which there 
are two types. The first, known as vertical punchthrough, 
occurs only in CMOS transistors which are situated in their 
own difiusion Wells. For ite Métal gate CMCS process con- 
sidered in this paper, the substrate is n-type material, and 
so it is the n-channel transistors which are formed with- 
in p—wells. At high voltages (18V), where the potential 
between the drain (n+ material) and the well (p—) is large, 
the depletion region associated with the drain diffusion can 
extend until it reaches the substrate (n—), at which point a 
current path is formed. In this way, vertical punchthrough 
can occur as shown in Figure 3. 


The second punchthrough mechanism is_ horizontal 
punchthrough, and this normally occurs between drain and 
source of both n- and p-channel devices. As stated by Ham- 
iiton and Howard (2), the threshold voltage of the basic 
MOS transistor is the voltage required to cause field inver- 
sion in bulk material and hence form a drain source channel, 
the conductive properties of which are controlled by the 
gate voltage. As before, at high drain voltages (830-35V), a 
depletion region extends out from the drain diffusion. If the 
drain (p+ or n+) to bulk (n— or p—) potential is high 
enough the drain depletion region will reach the source dif- 
fusion (p+ or n+) and an uncontrolled drain source chan- 
nel is formed, causing the transistor to act as a short circuit. 
Consequently, horizontal drain source punchthrough, as 
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shown in Figure 4, is a phenomenon which must be pon- 
dered carefully in connection with high voltage applications. 


The final breakdown mechanism is known as surface ava- 
lanche breakdown, and this occurs due to an accumulation 
of charge at the bulk material surface. If the drain voltage is 
again large with respect to both the gate and the source 
(20-25V), then the aquinotential lines shown in Figure 5 will 
lead to an area of high electric field at the surface of the 
drain to bulk junction. Under the above conditions, and be- 
cause the depletion region is relatively narrow at this point, 
surface avalanche breakdown can occur as described by 
Grove (3). 

It is true to say, therefore, that there are several breakdown 
mechanisms which contribute to the aforementioned oper- 
ating voltage limit. Referring to the on chip structure outlined 
in Figure 2, it is clear that only high voltage p-channel tran- 
sistors are required, and so vertical punchthrough need not 
be considered in this case. In addition, junction breakdown 
will only occur at voltages above those envisaged in this 
application, and hence horizontal punchthrough and surface 
avalanche breakdown are the phenomena which must be 
overcome to facilitate a successful design. 


ON CHIP RESISTORS 


Due to the nature of CMOS, i.e. because the technology 
produces both pull-up and pull-down transistors, it is rela- 
tively rare to find resistors in such circuits. A further reason 
for the rare appearance of resistors is that the tolerances on 
MOS diffusion resistors are so large as to make them unac- 
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FIGURE 3. Vertical Punchthrough in a CMOS N-Channel Transistor 
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FIGURE 5. Surface Avalanche Breakdown in a CMOS P-Channel Transistor 


ceptable in normal applications. One occasion where such 
resistors are used is where it is only the ratio between the 
resistors which is important, and not their precise values, for 
instance in a voltage divider. Under these circumstances, 
any change in the nominal resistance value will be reflected 
in all the resistors and hence the divider will operate as 
designed. 


As was pointed out above, such resistors are normally 
formed by making use of the sheet resistance of diffusion. In 
particular, the diffusion with the highest value of sheet re- 
sistance is used, and this is p-material. Hence, the structure 
shown in Figure 6, known as a pinched p-— resistor, is com- 
mon, and it is clear that this device is in fact a p-channel 
junction field effect transistor (JFET). The theory of JFET 
operation is described by Glaser and Subak-Sharpe (4), and 
because the p— diffusion process is followed by n+ diffu- 
sion it can be seen that the JFET gate completely surrounds 
the p-type channel region in the form of n+ and n— (sub- 
strate) material, which is tied to 5 volts. For this reason, the 
pinch-off voltage is very low (typically 10V) and so these 
pinched resistors are widely used in low voltage applica- 
tions. Further, p— diffusion sheet resistance is a parameter 


which has a wide process spread, i.e. 4.5-7.0 kM. per 
square, and although the pinched resistor technique in- 
creases this nominal resistance value due to depletion ef- 
fects, such resistors are difficult to specify in advance. 


If the large changes in resistance value are not tolerable 
then p+ diffusion resistors in the n— substrate are a viable 
alternative, for two reasons. First, because of the doping 
profile of p+ diffusion, the JFET depletion effects are re- 
duced, and consequently such resistors have a much higher 
pinch-off voltage. Second, the nominal resistance of p+ 
diffusion is much more stable over the process range, al- 
though its value is far lower (40-802 per square). For this 
latter reason, p+ resistors occupy large areas for relatively 
small values. 


High Voltage CMOS 


Referring to the ‘Ideal’ VF Driver section, one of the princi- 
pal aims of this design is that a standard fabrication process 
be used. Bearing that in mind then, there follows a study of 
possible ways by which the original VF display driver specifi- 
cation could be realised or even enhanced. 


HIGH VOLTAGE TRANSISTORS 


The simpler of the two operating voltage limitation factors to 
overcome is horizontal punchthrough. From Figure &, it is 
clear that in order to increase the drain source voltage at 


which the depletion regions combine the distance between 
the drain and source must be increased. This has the effect 
of lengthening the transistor channel, and the conse- 
quences of such action should be considered. The basic 
equations which describe the mode of operation of the MOS 
transistor are derived by A.M.I. (5), and from these, increas- 
ing the channel length (L) wil! result in lower drain source 
current (Ips), lower gain factor (8), and higher threshold 
voltage (V7). All of these effects will degrade the transistor 
performance, although it is worth noting that the aspect ratio 
(W/L), i.e. the ratio of channel width (W) to its length, is a 
major component of the transistor equations. Hence, some 
performance can be salvaged by increasing the channel 
width to return the aspect ratio to its original value. Unfortu- 
nately, this approach increases gate area and hence para- 
sitic capacitances, and so the resulting high voltage transis- 
tor is still inferior to its low voltage equivalent. 


The other mechanism which leads to high voltage break- 
down in MOS transistors is surface avalanche breakdown, 
and this phenomenon can only be overcome at a cost. As 
was explained previously in reference 3, this avalanche ef- 
fect is caused by a region of high electric field which can 
lead to electrons with energy levels high enough to start a 
chain reaction of collisions within the silicon lattice. The 
electric field at the corner (corner) determines whether this 
phenomenon will occur and reference 3 points out that 
écorner is inversely proportional to gate oxide thickness 
(tox). Armed with this information, initial experiments were 
carried out with long channel devices having tox values 
ranging from the standard process value of 1000A up toa 
maximum possible value of 2300A. In practice, the oxidation 
cycle had to be altered to allow these different oxide thick- 
nesses to be fabricated without affecting other process pa- 
rameters. As a result of these experiments, it was found that 
surface avalanche breakdown occurred at approximately 
40V with toy = 2300A. An alternative experiment involved 
making use of the oxide which isolates the silicon from the 
metal inter-connect, that known as field oxide. Field oxide is 
typically 8800A thick, and hence it was felt that using this as 
gate oxide on long channel devices could provide the de- 
sired high voltage performance. However, field oxide MOS 
transistors were found to have breakdown voltages in ex- 
cess of 70V, and for this reason it was decided that the VF 
driver outputs would be designed for a maximum voltage 
swing of 60V. The high breakdown voltage, however, is 
achieved at a cost in terms of performance. Using the basic 
MOS transistor equations of reference 5, and noting that 
increasing tox will decrease gate capacitance (Coy), it is 
clear that low values of gain factor (8 =1 pA/V2), and high 
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FIGURE 6. P-Pinched Resistor 


values of threshold voltage (V7=-—6V) are expected. If 
these performance limitations are taken into account at the 
design stage, then high voltage p-channe!l MOS transistors 
are feasible. 


The high voltage transistors outlined above are an ideal so- 
lution to the display output problem, as their fabrication re- 
quires no additional processing stages. 


HIGH VOLTAGE PULLDOWN RESISTORS 


Before looking at ways in which the high voltage pulldown 
resistors may be realised, a definitive value for this resistor 
should be assigned. It is essential that the resistor value is 
low enough that any leakage current from the p-channel 
transistor does not cause the output voltage, when the out- 
put is in the off state, to be significantly higher than the 
display voltage. If maximum values of expected leakage cur- 


rent are of the order of 10 pA and if the maximum output off - 


voltage to display voltage difference is 2 volts, then the 
maximum resistance value is 200 kf. In addition it is desir- 
able to minimise the current taken on chip when the output 
is in the on state. Given that approximately 60V will appear 
across the resistor under these circumstances and if the 
maximum desired on current is 600 A per output, then the 
minimum resistance value is 100 kQ. Clearly, there is a 
trade off in performance between the above two require- 
ments, and if the design is centered about a resistance val- 
ue of 150 kM then any variation due to process spread 
should not cause this value to drop below 100 kQ or rise 
above 200 kf. 


Having established the value of the resistor to be designed, 
it only remains to decide the method by which this is to be 
achieved. Unfortunately, neither of the two methods out- 
lined previously can be applied in this case. P+ diffusion 
resistors are not practical because the nominal resistance 
per square of such material is too low, typically 600 per 
Square, making such resistors occupy excessive amounts of 
die area. A p— pinched resistor, on the other hand, will 
pinch-off at voltages in excess of 10V, and hence such a 
technique is not applicable. 


Given the size of the resistor required, and in order that the 
die area be minimised, a technique using the p— diffusion 
should be sought. The problem is to ensure that a resistor of 
this type does not pinch-off at the voltages anticipated, and 
hence a method whereby the channel depletion effects may 
be minimised must be found. The first way in which these 
effects can be reduced is to increase the width of the 


p— resistor region. This results in an increase in the voltage 
required to pinch-off the channel, although in the case of 
pinched p— resistors an intolerably large increase in area is 
required to allow high voltage (in excess of 50V) operation. 
lf, however, the n+ diffusion layer shown in Figure 6 is re- 
moved, then the JFET channel is only depleted from three, 
instead of four sides. Experiments showed that if the p— 
was simply diffused into the native n-type substrate without 
an n+ covering, and if the channel was sufficiently wide, 
then p— resistors with pinch-off voltages in excess of 60V 
could be fabricated. Secondary tests showed that the p— 
sheet resistance doubled in this mode from its unbiased 
value, although this parameter is closely dependent on the 
drain to substrate potential. 

Hence, the objective of high voltage on chip pulldown resis- 
tors has been realized with no alterations to the standard 
fabrication process. 


DISPLAY DRIVER IMPLEMENTATION 


As discussed previously, the microprocessor interface in- 
puts are TTL compatible and the internal data handling 
CMOS logic operates from a 5 volt supply. The display data 
emerges from this logic and enters a bank of level shifters, 
which convert the 0 — 5V waveforms into — 10 —> 5V lev- 
els. In this way, a p-channel field oxide transistor can be 
driven. The output section is in the form of a pre-buffer fol- 
lowed by a display output driver and a schematic of the 
whole circuit is shown in Figure 7. 


Examining the schematic in more detail, it is clear that the 
—10V supply to the level shifting stage (Vee) is derived by 
means of a p— resistor ladder between Vsgs (OV) and Vgis 
(—55V). The sizes of both the p-channel field device and 
the p— resistor in the pre-buffer stage are non-critical, as 
they merely drive the next stage, except to state that the p- 
channel is 16 xm tong and the p-resistor is 10 um wide. In 
fact, it is desirable that the p-resistor has a high resistance 
value as this minimises the circuit current when the display 
outputs are in the off state (pre-buffer is on). The output 
driver stage, on the other hand, demands a more structured 
approach. Using the design figure of 10 kN per square, a 
p— resistor size of 16 squares was used, i.e. a region of p— 
diffusion which was 15 wm by 240 pm. The p-channel field 
transistor was selected to have an output on impedance of 
1.5 - 2.0 kQ, and to achieve this a size of 300 wm by 16 pm 
was chosen. The low VF display currents result in this mah 
output on impedance being accepted. 
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FIGURE 7. VF Display Driver Circuit Schematic 


The Future 


Clearly, the future for VF display drivers is highly dependent 
upon the way in which such displays progress over the next 
few years. Further experiments with high voltage p-channel 
transistors suggest that voltages in excess of 100V can be 
sustained, although this work is at present only at the initial 
evaluation stage. Hence, if future VF displays demand oper- 
ating voltages of this order, compatible drivers should be 
feasible. 


At present, there is considerable interest in Front Luminous 
VF Displays (FLVD), and it is claimed they provide better 
visual character recognition and a wider viewing angle. This 
is achieved by reversing the order of the component parts of 
the VF display shown in Figure 7. Hence, the luminous ma- 
terial is directly beneath the front glass, and so the light is 
unimpeded as it is emitted from the display. Fortunately, 
however, the driving requirements of FLVD are similar to 
those of the present VF display, and so the display drivers 
outlined in this paper appear adequately to meet the needs 
of the VF displays of today. 


Conclusions 


The display drivers described in this application note have 
demonstrated how a fabrication process, thought only to be 
applicable to low voltage designs, can be extended to pro- 
duce high voltage circuits. This suggests that the standard 


processes of today may also be stretched in other direc- 
tions. If closer attention is given to the mechanisms behind 
the circuit and process limitations, then it is possible, as in 
this case, that they can be overcome. Clearly, if this is 
achieved the rewards of a wider range of products from the 
same fabrication process will follow. 
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of Dot Matrix VF Display 


INTRODUCTION 


Vacuum Fluorescent (VF) displays are becoming more and 
more common in a variety of applications. Manufacturers of 
everything from Automobiles to Video Recorders have tak- 
en advantage of these easy to read displays. VF displays 
are available in a wide variety of configurations; clock dis- 
plays, calculator displays, multi-segment, and dot matrix dis- 
plays are readily available at a low cost. This application 
note develops and covers in some detail a small CMOS 
system consisting of a single chip microcontroller and two 
display drivers which control a 20 character, 5 x 7 dot matrix 
VF display. 

Figure 1 shows the schematic of the system. The microcon- 
troller, a COPS™ 424C, receives a character in ASCII form 
from the host system, stores the ASCII value of the charac- 
ter in its onboard RAM, converts the ASCII value to a 5 byte 
data word suitable for the display drivers and displays it on 
the VF display. The COPS also refreshes the display contin- 
uously while performing character update, much like a dumb 
terminal. Not including the address decoding logic, this ap- 
plication requires only the onboard RAM and ROM of the 
COPS424C, and National’s MM58341 and MM58348 VF 
display drivers. lf a steady message or a scrolling sentence 
is desired, only small changes in the COPS software are re- 
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FIGURE 1. System Diagram Showing the Basic 3-Chip Display Controller 
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quired. In this case the messages could be stored in the 
ROM of the COPS and the need for a host system would be 
eliminated. 


VF DISPLAY AND VF DISPLAY DRIVER 
REQUIREMENTS 

The display used in this application was an_ Itron 
#DC205G2. This 20 segment, 5 x 7 dot matrix, multiplexed 
display required a filament voltage of 5.7 Vac and a filament 
current of 37 mAac. The anode and grid voltages were sup- 
plied by the display drivers. The voltage and current require- 
ments vary considerably for different displays depending on 
the size and number of characters, and the configuration 
(dot matrix, 7 segment, 14 segment, etc.). To determine the 
voltage requirements for a particular display, a simple calcu- 
lation can be made. If maximum possible brightness of the 
display is desired, the following equation must be true: 

Et = Ep + Ex + (Ib) (Ron) where: 

Et is the total Voltage of the display drvier or |Vgis| + Vag 

E; is the display Cathode Bias Voltage 

Ep = Ecis the typical Anode or Grid Voltage (Vp.p) 

lp is the typical anode current (mAp-p) 

Ron is the display driver output impedance (2) 
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If the maximum brightness is not desired, the following 
equation can be used: (E;)(1.2) = Ep + Ex + (Ib) (Ron). In 
this application, the calculated E; was 42.25V, however, the 
display was legible under normal lighting conditions, with an 
E; as low as 25V. If your display requires more than the 35V 
output of the MM58341 and MM58348, pin for pin compati- 
ble 60V VF Display Drivers (MM58241, MM58248) are avail- 
able. 

Figure 2 shows the relationship between the required VF 
display voltages. The cut-off voltage (E;) is set by the Zener 
diode on the center tap of the filament transformer. This 
value is given in the VF display data sheet. 


Avoiding Flicker and Pulsing 


There are two different conditions which may cause the dis- 
play to appear to flicker. The first is the refresh rate. This is 
particularly a problem on displays where the micro-control- 
ler must up-date more than 25 characters. Since the human 


eye begins to notice flicker at about 40 Hz, a display with a 
refresh rate less than that will appear to be flashing on and 
off. 


The second type of flicker occurs when the refresh rate is 
between 40 Hz and 90 Hz. In this case, the display will 
appear to be rolling rather than flashing. This condition oc- 
curs when the refresh rate and the filament frequency are 
close together. If a character is only on during the time 
when the filament voltage is negative, it will appear to be 
slightly brighter than the character next to it which may only 
be on during the positive cycle of the filament voltage. If this 
is the case, as it was in this application, the simplest solu- 
tion is to increase the frequency of the filament. A DC oscil- 
lator circuit, such as the one shown in Figure 3, can be used 
to replace the AC voltage source. The filament frequency 
can be easily adjusted to eliminate this condition. 
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FIGURE 2. Voltage Levels for VF Display 
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FIGURE 3. Filament Oscillator Circuit 
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VF Display Drivers 


Two high voltage display drivers were needed to control the 
VF display. A MM58341, was used to control the grids anda 
MM58348 was used to control the individual pixels or an- 
odes. Both of these drivers receive serial information and 
output 32 and 35 segments of data respectively. 


The MM58341 nas ihree conirui pins whicn mans it idsal ior 
controlling the grids of a VF display. The blanking control 
pin will turn off all segments of the display when a logic ‘1’ is 
applied to this pin. This is particularly important for reducing 
ghosting, and controlling brightness. Ghosting is a condition 
where the last characters shadow appears behind the char- 
acter being displayed. The enable pin acts as an envelope 
for the input signal. Only while it is at a logic ‘1’ level will the 
circuit accept clock inputs. When the pin goes low, all the 
data is latched and displayed. A data out pin is also provid- 
ed for cascading. If the display has more than 32 grids, a 
second grid driver can be cascaded by connecting the data 
out pin to the input data for the second grid driver. 


The MM58348 is a 35 bit shift register and latch which is 
used to control each pixel or dot. When a leading 1, fol- 
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lowed by 35 bits of data, is received, the data is latched and 
displayed. The chip is automatically reset upon power up. 


MULTIPLEXED DISPLAY REFRESH TIMING 


Considering first the digit driver (MM58341), it becomes 
clear that the digits must be enabled or refreshed sequen- 
tially and that this process must be continuous regardiess ii 
the display data has changed. The data for the MM583471 is 
simply a 1 followed by 19 zeroes where the 1 is shifted 
through the internal registers of the MM58341. As each digit 
is enabled, the corresponding segment data is displayed. To 
insure that no ghosting effects are seen during the transition 
between digits, the blanking control is activiated just before 
the data is latched into the dot or anode driver and deacti- 
vated just after the data has been latched. During this time 
when the blanking control is activated, the grid driver is 
clocked shifting the 1 to the next location. Figure 4 shows 
the micro-controller waveforms and the resultant display 
waveforms for the 20 character display. 


CLOCK | | | | | 
ENABLE | | | | | 
DATA | | : 


MM58348 


INPUTS - 34 CLOCKS 


—_—— 


34 CLOCKS 


—_— 


34 CLOCKS 34 CLOCKS 


= ——a 
cuock YALU IN TAN 


DIGIT DATA 


SSeS 


t START BIT 


DIGIT DATA 


oS 


t START BIT 


DIGIT 20 DATA DIGIT 1 DATA DIGIT 2 DATA 
OUTPUT 





DIGIT DATA DIGIT DATA 
—— 
paTA VAUD itl ATTA 
{ start eit { start BIT 
MM58348 
SEGMENT DIGIT 19 DATA 
MM58341 
OUTPUTS 





———————=\ 
DIGIT 19 "ON" 
(20) / DIGIT 20 "ON" \ 
(1) / DIGIT 1 "ON" \ 
(2) / DIGIT 2 "ON" \ 
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FIGURE 4. Timing Diagram 


In between digit strobes, the segment data is updated. The 
first 34 bits of segment data are set up in the dot driver and 
the blanking signal is activated to disable all 20 digits. The 
35th bit of data is clocked in, updating the segments. Since 
the MM58348 resets its internal shift register each time the 
data is latched, it can accept all but the final data bit while 
still displaying the previous digit. The digit driver is then 
clocked, shifting the digit strobe to the next position. The 
enable is then brought low, enabling the next digit. Finally 
blanking control is deactivated and the data displayed. 


During the time which the blanking control is high, the order 
in which the segments or the digits are updated is not crit- 
ical. Since this occurs while the display is blank. The digit 
driver may be clocked first, or the segments could be 
changed first. In general, the philosophy for the driving this 
VF multiplexed display is outlined in Figure 5. 


HOST INTERFACE AND PROGRAMMING 


With a minimal amount of address decoding and an eight bit 
latch, COPS can be interfaced with a common microproces- 
sor bus. When a character has been input into the host to 
be displayed, the ASCII value of that character is latched 
into the eight bit latch (MM74HC373) and is read on the L 
port (LO-6) of the COPS. The MSB of the ASCII value must 
be a logic 1. This MSB is the signal to the COPS that a new 
character is being presented. Once the character has been 
stored, an interrupt is sent from the COPS to the host 
through the D-0 port. The COPS checks for a new character 
being input every 200 ps. If a character is being sent, 1 ms 
is required to store that character in the RAM of the COPS. 
With the COPS controlling the display, the host micro-proc- 
essor is not being tied down with character look-up and dis- 
play refresh. A simple flowchart of the host requirements is 
shown in Figure 6. 


COPS SOFTWARE 


There are four main sections of the COPS software. The 
first section, the initialization of the RAM, sets up the RAM 
as shown in Figure 7. A ‘0’ is stored in all of the LSB posi- 
tions and a ‘2’ is stored in all of the MSB positions. Since 
the COPS is in a constant display loop, this is necessary to 
insure a blank display. 20H is the ASCII value of a space. 
With the RAM set up in this way, a maximum of 28 charac- 
ters can be stored in RAM. Since the display in this applica- 
tion is only 20 characters long, RAM locations M1,4 to 
M1,11 and M3,4 to M3,11 are not used. RAM locations 1,12 
to 1,15 and 3,12 to 3,15 are used as temporary storage 
throughout the program and cannot be used for character 
storage. 

The second part of the program, stores the new characters 
sent by the host CPU in RAM. Once a character has been 
sent, this section of the program checks the ASCIl value of 
that character to see if it is a control character or a display 
character. If it is a display character, the character is stored 
in RAM and an interrupt is sent to the host. There are three 
control characters which the COPS program will recognize. 
Cursor forward (ASCII value 08H) moves the cursor forward 
without destroying the data, cursor backwards (ASCII value 
OCH) moves the cursor backwards without destroying the 
data, and return (ASCII value ODH) will clear the display and 
put the cursor at the beginning of the display. To recognize 
and store a character, 1 ms is required. 

The third part of the program, the display loop, is the heart 
of the program. Unless a new character has been detected, 
the program is always in this loop. This section does the 
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LOAD START BIT AND 


34 BITS OF ANODE 
DATA IN MM58348 


BLANK DISPLAY WITH 
BLANKING CONTROL 


IS 
THIS THE 
FIRST CHAR. OF 


THE DISPLAY, 


NO 


LOAD GRID DRIVER 
WITH A "0" 





LOAD 35 BIT OF 
ANODE DATA 


"LATCH GRID 
CONTROLLER BY 
LOWERING ENABLE 


REMOVE 
BLANKING CONTROL 


FIGURE 5. Flowchart for Display Drivers 


IS 
THERE A 
CHR. TO 
BE SENT 


EXCLUSIVE OR 
®ASCI! VALUE 
WITH 80H 


OUTPUT ASCII 
VALUE TO 
DATA BUS 


FIGURE 6. 


HAS CHR. 
STORED 
INTERRUPT 


OCCURRED 





Host System Flowchart 


YES | LOAD GRID DRIVER 
WITH A "1" 
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ju{w{es}ef7{ se] s}|a{si{2i]i)o | 


LSB LSB | LSB |} LSB |} LSB} LSB | LSB} LSB} LSB} LSB | LSB | LSB | LSB | LSB | LSB | LSB 
Chr1 | Chr2 | Chr3 | Chr4!Chr5| Chr 6] Chr 7] Chr 8| Chr 9] Chr 10] Chr 11] Chr 12| Chr 13] Chr 14] Chr 15] Chr 16 


MSB ; LSB {Temp. ASCII 

Pointer | Pointer} STORAGE 

MSB | MSB | MSB | MSB | MSB MSB | MSB | MSB| MSB | MSB | MSB | MSB | MSB | MSB 

Chri | Chr2 | Chr3 | Chr 4] Chr5|Chr6| Chr 7| Chr 8| Chr 9] Chr 10| Chr 11] Chr 12] Chr 13] Chr 14] Chr 15| Chr 16 
MSB | MSB } MSB | MSB 
Chr 17] Chr 18} Chr 19 | Chr 20 


MSB 


Temp. Storage of Pointer 


LSB | LSB |} LSB |} LSB 
Chr 17] Chr 18] Chr 19 | Chr 20 


MSB 


FIGURE 7. COPS RAM Map 


Matrix] PAD | Columnt | Column2 | Columns | Column4 | Columns [PAD 
00010011111010100010010000101000001111.10 





Hex. | tgs] ee tw 


FIGURE 8 


character font look-up, shifts the character data out the 
COPS serial port to the MM58348, and controls the 
MM58341 through the four bit parallel port (GO-—4). Because 
the most significant nibble of the program counter is used 
as part of some COPS instructions, it is important that parts 
of the program are located at specific locations in ROM. 


The final part of the program is the data. Each character is 
represented by a 5 byte data word. Each byte of the data 
word is stored at a different location in ROM. Fonts for char- 
acters with the ASCII values from 20H-5AH have already 
been stored in ROM. These characters can be changed or 
more characters can be added. The only limitation to the 
number of characters is the amount of available ROM. 


CREATING THE 5 BYTE DATA WORD 


Any number or combination of pixels or dots can be turned 
on at a time. To create a new character, it is easiest to first 
create a binary string which represents the character. A ‘1’ 
in the binary string will turn on the pixel, a ‘0’ will turn it off. 
To create this string, start in the upper left corner of the 
matrix and go down the columns. 

The letter ‘A’ (Figure 9) would have a binary string shown in 
Figure 8. The data must be padded to make it an even 5 
bytes in length. The pad at the beginning of the data (0001) 
is used as the leading 1 for the MM58348. The one bit pad 
at the end of the binary string must be a 0. If a 1 were sent 
as the pad, it would be used as the start bit for the next 
character. 


The 5 byte data word that would be stored in ROM and 
represent the letter ‘A’ would then be 13EA24283E. 


STORING THE DATA IN ROM 


The 5 bytes of data are stored in 5 different locations in 
ROM. The first byte of data will be stored, LSB first, at loca- 
tion 200H plus the ASCII value of the character. For exam- 
ple, the ASCII value of the letter ‘A’ is 41H. The first byte of 
data for the letter ‘A’ would be stored, least significant bit 
first, at 241H. The second byte of data is stored at the loca- 
tion of the first data byte plus 60H or in this case at 2A1H. 
The location of the third byte is 40H plus the location of the 
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second byte. In this case, the third byte of data would be 
stored at 2E1H. The fourth byte of data is stored at 300H 
plus the ASCII value of the character or at 341H for the 
letter ‘A’. The final byte of data is stored 40H from the fourth 
byte or at 381H. Remember the LSB of each byte is stored 
first. Table | shows the locations in ROM and the values 
stored in them for the letter ‘A’. 

This application shows a VF display controller designed 
with a minimum number of IC’s. !f additional information 
about VF displays or VF display drivers is required, 
refer to Application Note AN-371 (The MM58348/ 
342/341/248/242/241 direct drive Vacuum Fluorescen 
(VF) Displays. 


TABLE I. Character Data of ‘A’ 
and Its Locations in ROM 


Address Data 
In ROM Stored 
31 


AE 
42 

















' TL/F/8683-7 
FIGURE 9. 5 x 7 Character as Stored in ROM 
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Section 1 of COPS Software 


;DEFINES COPS CHIP 


;THIS SECTION INITIALIZES THE RAM IN THE COPS BY LOADING A 
32 IN THE MSB AND A O IN THE LSB LOCATIONS OF EACH CHARACTER. 
;IT ALSO STOPS THE CLOCK AND SETS THE POINTER AT THE FIRST 


sCHARACTER OF THE DISPLAY. 


RESET: CLRA 
LBI 3,15 
JSR CLEAR2 
LBI 2,15 
JSR CLEAR2 
LBI 1,15 
JSR CLEAR 
LBI 0,15 
JSR CLEAR 


CLRA 
XAD 1,15 
CLRA 
AISC 15 
XAD 1,14 


RC 
XAS 
JMP START 


CLRA 

XDS 0 

JMP CLEAR 
RET 


CLEAR2: CLRA 
AISC 02 
XDS 0 
JMP CLEAR2 
RET 


sLOADS A 2 IN ALL 
;MSB LOCATIONS 
sLOADS A 2 IN ALL 
;3MSB LOCATIONS 
sLOADS A O IN ALL 
3LSB LOCATIONS 
;LOADS A O IN ALL 
;LSB LOCATIONS , 


sLOADS POINTER IN RAM 
3;MSB IN 1,0F 
;LSB IN 1,0E 


sRESETS CARRY TO 
; STOP CLOCK 


s;CLEARS REGISTORS 


;PUTS A 2 IN REGISTIORS 


Section 2 of COPS Software 


;THIS SECTION OF CODE IS ONLY EXECUTED WHEN A NEW 
;CHARACTER HAS BEEN ENTERED. IF THE CHARACTER IS 

3A CONTROL CHARACTER, THE CURSOR IS MOVED ACCORDINGLY, 
;OTHERWISE THE CHARACTER IS STORED IN THE RAM OF THE COPS. 


;NEW CHARACTER HAS BEEN ENTERED 


LBI 1,0C 
INL 

xXIS 0 

X 0 

LDD 1,0D 
RC 

AISC 15 
JMP SPECIAL 
AISC 01 
LDD 1,0E 
CAB 

LDD 1,0F 
XABR 

LDD 1,0C 
X 2 

LDD 1,0D 
X 0 


s;DUMMY POINTER 
;READS ASCII FROM 
sDATA BUS 


;CHAR. MSB=0 THEN YES 
sMSB<>0O THEN NO 


sSTORE ASCII IN RAM 


sMSB IN 1,0C 


;LSB IN 1, OD 
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Section 2 of COPS Software (Continued) 


JSR CURFOR 

LBI 0,01 3;SENDS INTERRUPT TO 
OBD ; HOST. CHAR. IS 
LBI 0,0 ; STORED IN RAM 
OBD 

JMP START 


sSPECIAL CHARS. (CR, LF, CLEAR DISPLAY) 


CURFOR : LDD 1,0E ;MOVES CURSOR FORWARD ONE 
COMP 3;SPACE. IF CURSOR IS 
AISC 01 ;sMOVED BEYOND THE END OF 
JMP OK ;3DISPLAY, IT WRAPS AROUND 
AISC OF ;TO THE OTHER END. DATA IS 
XAD 1,0E ;NOT DESTROYED BY MOVING 
CLRA ;CURSOR 
AISC 01 
LBI 1,0F 
XOR 
JMP SKIP 
COMP 
LBI 1,0E 
X 0 
RET 


CURBAC: LDD 1,0F sMOVES CURSOR BACK ONE 
AISC 01 ;CHARACTER. DOES NOT 
JMP GOOD sDESTROY DATA AS IT IS MOVED 
LBI 1,0E ;IF MOVED BEYOND THE 
CLRA 3;END OF THE DISPLAY IT 


AISC Ol 3WRAPS AROUND TO THE OTHER 
XOR ;END 

Xx 0 

JMP START 

XAD 1,0F 

JMP START 


SPECIAL: LDD 1,0C ;CONTROL CHAR. HAS BEEN 
AISC 03 ;DETECTED 
JMP NOTRET 
JMP RESET ;RETURN CLEARS DISPLAY, STARTS 


sPROGRAM OVER 
NOTRET: AISC 01 ;NOT RETURN, CHECK FOR CURSOR 
JMP CFOR ;FORWARD 
JMP CURBAC ;BY DEFAULT, CURSOR BACKWARDS 


JSR CURFOR 
JMP START 


sDISPLAY LOOP 
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Section 3 of COPS Software 


;THIS IS THE DISPLAY LOOP OF THE PROGRAM. UNLESS A NEW CHARACTER 
sHAS BEEN ENTERED AND IS BEING STORED, THE PROGRAM IS ALWAYS IN 
;THIS DISPLAY LOOP. IT LOOKS UP THE CHARACTER FONT, SHIFTS THE 
;CHARACTER DATA OUT THE SERIAL PORT AND CONTROLS THE GRID DRIVER. 


START; LBI 2,15 sDISPLAY LOOP POINTER 
JSR HERE GOTO DISPLAY LOOP 
LBI 3,03 s;SECOND DISPLAY LOOP POINTER 
JSR HERE ;GOTO DISPLAY LOOP 


OGI 09 ;LOADS A 1 IN GRID DRIVER 
OGI OD 
OGI o9 


JMP START 


3;CHECKS FOR NEW CHAR 


RC 

ININ 

AISC 15 
JMP OLDCHR 
JMP NEW 


s;DISPLAY LOOP FOR OLD CHAR AND 
; LOOK UP 


OLDCHR : LD 2 sLOOKS UP FIRST BYTE OF CHR.FONT 
JSR DATA4 ; 200H+ASCII VALUE 
AISC 06 sADDS O6H TO MSB OF ASCII 
JSR DATA2 ;LOOKS UP SECOND BYTE OF CHR FONT 
AISC OA sADDS OAH TO MSB OF ASCII 
JSR DATA2 sLOOKS UP THIRD BYTE OF CHR. FONT 
JSR DATAS sLOOKS UP THIRD BYTE OF CHR. FONT 

; AT 300H+ASCII VALUE 
AISC 06 sADDS O6H TO MSB OF ASCII VALUE 
OGI 02 sTURNS ON BLANKING CONTROL 
JSR DATAS ;LOOKS UP LAST BYTE OF CHR. FONT 
3;CLOCKS A 0 IN GRID DRIVER 


OGI OA sENABLE ,BLANKING CONTROL 

OGI OE sENABLE, BLANKING CONTROL, CLOCK 
OGI OA sENABLE, BLANKING CONTROL 

OGI 00 3A O SHIFTED IN 


LD 0 

XDS 2 
JMP HERE 
RET 


LBI 3,15 
CQMA 

JSR SHIFT ;OUTPUTS A 

X 0 :NEW DATA 

JSR SHIFT ;OUTPUTS A 
LEI 01 ;COUNTER MODE 
LDD 3,14 31,0 INA 
XABR 3A IN BR 

LDD 3,13 31,1 INA 

CAB ;A IN BD 

LD 2 

RET 
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POINTER: 


JMP RIGHT 


Section 3 of COPS Software (Continued) 


sCOUNTER MODE 
sA IN SIO 

sBR INA 

sADD 2 

3A IN 1,0 

sBD IN A 

sA IN 1,1 


3510 INA 
;SERIAL MODE 


s;SHIFTS OUT SERIAL PORT 


LEI 08 
SC 

XAS 
NOP 
NOP 

RC 

XAS 
RET 


-=0200 


LQID 

JMP RIGHT 
LQID 

JMP POINTER 


»=03500 


LQID 
JMP RIGHT 


sTHIS ROUTINE SHIFTS THE DATA 
3FROM THE SI/0 REGISTER OUT 
;THE SERIAL PORT WITH EACH 
3;CLOCK CYCLE 


Section 4 of COPS Software 


;THE CHARACTER FONTS FOR THE CHARACTERS WITH ASCII VALUES BETWEEN 
20H AND SAH HAVE BEEN STORED IN THIS SECTION OF THE PROGRAM. 


«WORD 
«WORD 
«WORD 
«WORD 
WORD 
«WORD 
«WORD 
«WORD 


;DATA FOR FIRST 2 BYTES OF EACH 


CHAR. 


«20220 


ool, 
031, 
071, 
061, 
O71, 
OFl, 
OFl, 
ocl, 


ool, 
ool, 
ool, 
oé6l, 
031, 
081, 
O71, 
ocl, 
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Section 4 of COPS Software (Continued) 


;DATA FOR SECOND 2 BYTES OF EACH 
; CHAR. 


-=0280 

»WORD 000, 000, OC1l, OF9, OA4, 095, O2D, 
«WORD 088, 000, 054, 020, 000, 020, 000, 
-WORD 01D, 082, 003, 005, 058, 045, OAC, 
«WORD 02D, 023, 000, 000, 020, 058, O01, 
eWORD OOD, OAE, OF3, OOD, OF3, O2F, O2F, 
-WORD O2E, 003, OOD, O2E, OOE, O8E, O8E, 
»WORD O2F, OOD, O2F, 025, 001, OOC, 008, 
-WORD 056, 040, 017 


sTHIRD 2 BYTES OF DATA FOR EACH CHAR. 


-=02C0 

-WORD 000, OES, O00, OFB, 040, OAS, 
»WORD OOA, 002, OFS, OF1, 054, 040, 008, 
-WORD 046, OF7, O2E, 046, 021, 086, 046, 
-WORD 046, 046, OAO, OAO, OAO, 015, 
-WORD OE6, 042, O4E, OOE, 046, 042, 
WORD 040, OF7, 006, OAO, 004, 080, OEO, 
«WORD 042, 026, 062, 046, OFS, 004, 008, 
-WORD 040, 070, 046 


sFOURTH TWO BYTES OF DATA FOR EACH CHAR. 


. =0 320 

-WORD 000, 008, 007, OF7, OAA, 031, 028, 
-WORD 008, O2A, 049, 080, 000, 080, 000, 
«WORD O1D, 018, O9C, O9D, OF7, O1D, O9C, 
WORD O9C, OAC, 000, 000, 022, 041, O41, 
WORD ODC, 082, O9C, O01C, O1C, O9C, 084, 
»WORD 080, O1LC, OEF, 022, 018, 002, 020, 
»WORD 084, O2C, OA4, O9C, OOC, 018, 028, 
«WORD 041, 009, O1D 


sLAST BYTES OF DATA FOR EACH CHAR. 


«=0580 
-WORD 000, 
eWORD OOO, 
-WORD OC7, 
«WORD OC6, 
«WORD 027, 
«WORD OEF, 
«WORD 006, 
eWORD O6C, 


» END 
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Section 5 Contents 
Memory Support—lIntroduction 
Memory Support—Selection Guide 
DP84240/DP84244 Octal TRI-STATE MOS Drivers 
DS0025C Two Phase MOS Clock Driver 
DS0026/DS0056 5 MHz Two Phase MOS Clock Drivers 
DS3245 Quad MOS Clock Driver 
DS1628/DS3628 Octal TRI-STATE MOS Drivers 
DS3647A Quad TRI-STATE MOS Memory I/O Register 
DS1648/DS3648/DS1678/DS3678 TRI-STATE TTL to MOS Multiplexers/Drivers 
DS1649/DS3649/DS1679/DS3679 Hex TRI-STATE TTL to MOS Drivers 
DS1651/DS3651 Quad High Speed MOS Sense Amplifiers 
DS16149/DS36149/DS16179/DS36179 Hex MOS Drivers 
DS55325/DS75325 Memory Drivers 
DS75361 Dual TTL-to-MOS Driver 
DS75365 Quad TTL-to-MOS Driver 
AN-76 Applying Modern Clock Drivers to MOS Memories 
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Memory Support 


MOS memory devices today can be found in a variety of 
configurations, giving design engineers more flexibility than 
ever before. National Semiconductor offers a variety of key 
devices that will allow a user to easily implement memory 
designs which meet his or her particular requirements. 


National’s memory support circuits include clock drivers, 4k 
and 16k RAM address drivers, data I/O circuits, and timing 
and control drivers. Further information on the specific de- 
vice types may be found in application note AN-76, ‘“‘Apply- 
ing Modern Clock Drivers to MOS Memories”. 


In addition to memory support applications, this family of 
products provides the versatility of general use in typical 
applications including level translation of TTL/CMOS input 
levels to high voltage (24V) outputs with high capacitive 
(1000 pF) drive, power drivers, relay driver and sense ampli- 
fier. Detailed features/function of this series of drivers are 
highlighted in the following product guide. 
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Memory Support Circuits 
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Memory Support Circuits 


Temperature Range Driver/ | TRI-STATE®/ | Output High| Propagation | Capacitive}. Supply 
0’°C to +70°C | —55°C to + 125°C Package Strobed Voltage (V) | Delay Typ. (ns) | Load (PS) | Current (mA) | No. 
5.5 20 500 


DP84240 TRI-STATE 
DP84244 TRI-STATE 
DS0025C 

DS0026C DS0026 

DS0056C DSO0056 

DS3245 

DS3628 DS1628 

DS3647A 

DS3648 DS1648 

DS3678 DS1678 

DS3649 DS1649 

DS3679 DS1679 

DS3651 DS1651 

DS36149 DS16149 
DS36179 DS16179 
DS75325 DS55325 
DS75361 

DS75365 


STROBED 
TRI-STATE 
TRI-STATE 
TRI-STATE 
TRI-STATE 
TRI-STATE 
TRI-STATE 
STROBED 
STROBED 
STROBED 


STROBED 
STROBED 


8 
8 
2 
2 
2 
4 
8 
4 
4 
4 
6 
6 
4 
6 
6 
4 
2 
4 
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DP84240/DP84244 Octal TRI-STATE® MOS Drivers 


General Description Features 
The DP84240 and DP84244 are octal TRI-STATE drivers ™ tpg specified with 250 pF and 500 pF loads 
which are designed for heavy capacitive load applications ™ Output specified from 0.8V to 2.7V 
such as fast data buffers or as memory address drivers. The =m Designed for symmetric rise and fall times at 500 pF 
DP84240 is an inverting driver which is pin-compatible with | Outputs glitch free at power up and power down 
both the 74S240 and AM2965. The DP84244 is a non-in- mw PNP inputs reduce DC loading on bus lines 
verting driver which is pin-compatible with the 748244 and = Low static and dynamic input capacitance 
AM2966. These parts are fabricated using an oxide isolation ‘ ; 
m Low skew times between edges and pins 


process, for much faster speeds, and are specified for ah ; Bat. 
250 pF and 500 pF load capacitances. m AC parameters specified with all outputs switching 
simultaneously 


Connection Diagram Truth Table 


ca 


DP84240 


H = High Level 
L = Low Level 
= Don't Care 
= High Impedance 


TL/F/5219-1 
Top View 


Order Number DP84240J or DP84240N 
See NS Package Numbers J20A or N20A 


DP84244 


TL/F/5219-2 
Top View 
Order Number DP84244J or DP84244N 
See NS Package Numbers J20A or N20A 
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DP84240/DP84244 


Absolute Maximum Ratings (note 1) Operating Conditions 


if Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Vcc Supply Voltage 4.5 
Office/Distributors for availability and specifications. Ta Ambient Temperature 0 


Supply Voltage, Vcc 7.0V 
Logical ‘‘1” Input Voltage 7.0V 
Logical ‘‘0” Input Voltage —1.5V 
Storage Temperature Range —65°C to + 150°C 


Power Dissipation 
Cavity Package 1150 mw 
Molded Package 1300 mw 


Lead Temperature (soldering, 10 sec.) 300°C 


Electrical Characteristics Voc = 5v +10%, 0 < Ta < 70°C. (Notes 2 and 3.) 


VIN(O) Logical ‘‘0” Input Voltage 


Nh 


oo | 
of = oO 
Nh 


lint) Logical ‘'1” Input Current 


lin(o) Logical ‘‘0” Input Current 0 < Vin $ 0.4V fa —50 
VCLAMP Input Clamp Voltage lin = —18mA oe oH —1 


Vou Logical “1” Output Voltage lon = —100 pA Voo-1.15 . 48 
lon = —1mA Voc —1.5 


lol = 12 mA : 
hp | 
lop Logical ‘‘O” Drive Current +100 


loc Supply Current All Outputs Open 
DP84240 All Outputs High 
All Outputs Low 
All Outputs Hi-Z 





| 
N 
oi 


+150 


= oO i) 
(o>) wo ©o 


50 
125 
125 


75 
100 130 
115 150 


DP84244 All Outputs High 
All Outputs Low 
All Outputs Hi-Z 





Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise noted. 
All values shown as max. or min. are on an absolute value basis. 

Note 3: Typical characteristics are taken at Voc = 5.0V and Ta = 25°C. ‘ 

Note 4; The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 for 
the switching time variations. ; 





Switching Characteristics Voc = 5V £10%, 0 < Ta < 70°C, all outputs loaded with specified load capaci- 
tance and all eight outputs switching simultaneously. (Note 3.) 


Conditions | Min | typ | Max _| 
Propagation Delay from Figures 1&3 CL = 250 pF 16 27 
LOW-to-HIGH Output C, = 500 pF 20 33 
Propagation Delay from CL = 250 pF 9 16 25 
HIGH-to-LOW Output C, = 500 pF 12 20 31 
Output Disable Time from LOW Figures 2&4,S = 1,C, = 50 pF | tat [oad | 
Output Disable Time from HIGH Figures 2& 4,S = 2,C, = 50 pF 
Output Enable Time to LOW Figures 2& 4,S = 1,0, = 500 pF 


Output Enable Time to HIGH Figures 2& 4,S = 2,C, = 500 pF 
Output-to-Output Skew (Note 4) Figures 1 & 3, C,, = 500 pF 


Capacitance T, = 25°C, f = 1 MHz, Voc = 5V +10%. (Note 3.) 


[Parameter | ___ Conditions __| Typ | Units | 
[Gn | allotherinputs TiedLow | 6 | pF _| 


Output in TRI-STATE Mode 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise noted. 
All values shown as max. or min. are on an absolute value basis. 

Note 3: Typical characteristics are taken at Voc = 5.0V and Ta = 25°C. 

Note 4: The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 for 
the switching time variations. 
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DP84240/DP84244 


Switching Test Circuits 


OEVICE 
OUTPUT DEVICE 
OUTPUT 
Tescee TL/F/5219~4 
*C_ INCLUDES PROBE AND JIG CAPACITANCES 
FIGURE 1. Capacitive Load Switching FIGURE 2. TRI-STATE Enable/Disable 


Typical Switching Characteristics 


Voltage Waveforms 


ENABLE 


tpLz | tPZL 
-| ———— Vcc 
ao 0.8V ‘ 
— OL 


tr=t=2.5 =i 
r=lf=2.ons tr=tt=2. 
{=2.5MHz tothe ® 
tpw=200ns tpw=800ns 


TL/F/5219-5 TL/F/5219-6 
FIGURE 3. Output Drive Levels FIGURE 4. TRI-STATE Control Levels 
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SWITCHING Ws {lf 
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reese 
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|| | AA ALL OUTPUTS 


SWITCHING 
SIMULTANEOUSLY 


CL—LOAD CAPACITANCE (pF) 
a 
Ss 
CL—LOAD CAPACITANCE (pF) 


Bae, 
Pt TPL sm SIMULTANEOUSLY 
FEE EEE 
ea ee | 


20 
tPLH (NS) tPHL (NS) 
TL/F/5219-7 TL/F/5219-8 
FIGURE 5. tp_y Measured to 2.7V on Output vs. C, FIGURE 6. tp}, Measured to 0.8V on Output vs. CL 





Typical Switching Characteristics (Continued) 
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PT—TOTAL POWER DISSIPATION (mW) 
PT—TOTAL POWER DISSIPATION (mW) 


1.0 20 3.0 4.0 . 1.0 2.0 3.0 40 5.0 
{—FREQUENCY (MHz) {—FREQUENCY (MHz) 
TL/F/5219-9 TL/F/5219~10 


FIGURE 7. Typical Power Dissipation for DP84240 at FIGURE 8. Typical Power Dissipation for DP84244 at 
Vec = 5.5V (All 8 drivers switching simultaneously) Vec = 5.5V (All 8 drivers switching simultaneously) 


Typical Application 


DP84244 used as a buffer in a large memory array (greater than 88 dynamic RAMs) 


DYNAMIC 
RAM 
BOARDS 


DP8408A/9A 
DYNAMIC 


RAM . 
CONTROLLER 4 DYNAMIC 
RAM 
a BOARDS 
pPe4244 





DYNAMIC 


RAM UP TO 72 
BOARDS 


DATA BUS 
OP84244 
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DS0025C 


4A National 


Semiconductor 


DS0025C Two Phase MOS Clock Driver 


General Description 


The DS0025C is a monolithic, low cost, two phase MOS 
clock driver that is designed to be driven by TTL line drivers 
or buffers such as the DS8830 or DM7440. Two input cou- 
pling capacitors are used to perform the level shift from TTL 
to MOS logic levels. Optimum performance in turn-off delay 
and fall time are obtained when the output pulse is logically 
controlled by the input. However, output pulse width may be 
set by selection of the input capacitor eliminating the need 
for tight input pulse control. 


Connection Diagrams 


Metal Can Package 


TL/F/5852~1 
Note: Pin 4 connected to case. 
Top View 
Order Number DS0025CH 
See NS Package Number H08C . 


Features 

m 8-lead TO-5 or 8-lead or 14-lead dual-in-line package 
@ High Output Voltage Swings—up to 25V 

m@ High Output Current Drive Capability—up to 1.5A 

mw Rep. Rate: 1.0 MHz into > 1000 pF 

m@ Driven by DS8830, DM7440 

m “Zero” Quiescent Power 


Dual-In-Line Package 


INPUT A OUTPUT A 


INPUT B OUTPUT B 


TL/F/5852-2 
Top View 
Order Number DS0025CJ-8 


or DS0025CN 
See NS Package Number J08A or NO8E 


Dual-In-Line Package 


OUTB 


NC NC OUTA 


IN B NC 


INA NC 
TL/F/5852~3 


Top View 


Order Number DS0025CJ 
See NS Package Number J14A 





Absolute Maximum Ratings (note 1) Recommended Operating 
If Military/Aerospace specifled devices are required, Conditions 
please contact the National Semiconductor Sales LAG 
Office/Distributors for avallability and specifications. Ye Elllerenat VOllag eas 
(V+ — V-)Voltage Differential 25V i say as 
Input Current 100 mA eins Dissivation* at 26°C 

aximum Power Dissipation* at 25° 
Peal Oulput Current Loh 8-Pin Cavity Package 1150 mW 
Storage Temperature —65°C to + 150°C 14-Pin Cavity Package 1410 mW 
Operating Temperature 0°C to + 85°C Molded Package 1080 mW 
Lead Temperature (Soldering, 10 sec) 300°C Metal Can (TO-5) Package 670 mW 


* Derate 8-pin cavity package 7.8 mW/°C above 25°C; de- 
rate 14-pin cavity package 9.5 mW/°C above 25°C; derate 
molded package 8.7 mW/°C above 25°C; derate metal 
can (TO-5) package 4.5 mW/°C above 25°C. 


Electrical Characteristics (notes 2 and 3) See test circuit. 


Cin = 0.001 pF, Rin = ON, Cy = 0.001 pF 


Parameter 








Turn-On Delay Time 


Rise Time Cin = 0.001 uF,Ain=09,C,=0.001pF | | 
Turn-Off Delay Time Cin = 0.001 pF, Rin = 09, CL = 0.001 pF 
(Note 4) 






Fall Time Cin = 0.001 pF, Rin = 00, 
C_ = 0.001 pF (Note 5) 


Pulse Width (50% to 50%) Cin = 0.001 pF, Rin = 09, 
CL = 0.001 pF (Note 5) 


Positive Output Voltage Swing | Vin = OV, lour = —1mA v+-o7v| 
Negative Output Voltage Swing | ly = 10 mA, lout = 1mA | | V~+0.7V | V~+1.5V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to 70°C range for the DS0025C. ; 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Parameter values apply for clock pulse width determined by input pulse width. 

Note 5: Parameter values for input width greater than output clock pulse width. 






Timing Diagram 


5V 
A. Input pulse width Vv 
> clock pulse iN 
width OV 


. Input pulse width 
sets clock pulse 
width 


Clock pulse 
output 
Input waveform: 
PRR = 0.5 MHz 
Vp.p = 5.0V 
t = te < 10ns 
Pulse width: 
A. 1.0 ps 
B. 200 ns 





Vout 


90% 





90% 
V2 = —16V 


TL/F/5852-5 
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DS0025C 


Typical Application 


I. IN 
1/2 088830 or DM7440 J Cin 


TL/F/5852-4 


AC Test Circuit 


soprF Vcc = SV 


’ TL/F/5852-6 
*Q1 is selected high speed NPN switching transistor. 


Typical Performance 
Transient Power vs Rep. Rate DC Power (Ppc) vs Duty Cycle 


Cy = 2000 pF ce 
. wy Cx = 1800 pr Ci ~ 1000 pF 


TRANSIENT POWER (mW) 
OC POWER DISSIPATION (mW} 


| Ve 
Wer 
‘Zen eaaee 
i 10 20 30-40 50 60 70 85 
PULSE REPETITION RATE (MHz) TL/F/5852-8 
TL/F/5852-7 DUTY CYCLE (%) 

_ V+-V-)2 (06) 

1k 


= (V+-V-)2IC, Poo 


Maximum Load Capacitance Output PW Controlled by Cin 
a aurea PUL WIDTS VS. Cy FOR LONG | | 
FOR INPUT PULSE <65 + RoCiy In met Lt 


$00 J output purse wiTH = INPUT PULSE WIDTH 
0 


PLUS 90 ns. / | | 
m LEC a 


sa | 0m932 DRIVER HX | panes ape 
CCCP SEF 
im LLLP TT 
=pse— Bal 
ert or 
RRR RAE 


0.2 04 0.6 08 1.0 12 1.4 16 1.8 2.0 200 600 «1000 14090 1800 2200 


PULSE WIDTH (ns) 


DSO025CN. ¥* -¥° » 18V,T, 





0S0028C:¥* -¥- = 18V.1, = 


FREQUENCY (MHz) Cin (DF) 
TL/F/5852-9 : TL/F/5852-10 
-(v+ — y-)2 IMax = Peak Current delivered by driver 
C. cc (Pax) (1h)-(V* = V=)2 (DC) — _ (Ix) (td 
(f) (1k) (V+ — V~)2 vt —Vv- 





Applications Information 
Circult Operation 


Input current forced into the base of Q; through the cou- 
pling capacitor Cjy causes Q, to be driven into saturation, 
swinging the output to V- + Vog(sat) + Vpioge- 

When the input current has decayed, or has been switched, 
such that Q; turns off, Qe receives base drive through Ro, 
turning Qa on. This supplies current to the load and the 
output swings positive to V+ —Vge. 


qs 

TL/F/5852-11 
FIGURE 1. DS0025 Schematic (One-Half Circuit) 

It may be noted that Q; must switch off before Qo begins to 

supply current, hence high internal transients currents from 

V- to V+ cannot occur. 

Fan-Out Calculation 

The drive capability of the DS0025 is a function of system 

requirements, i.e. speed, ambient temperature, voltage 

swing, drive circuitry, and stray wiring capacity. 

The following equations cover the necessary calculations to 

enable the fan-out to be calculated for any system condi- 

tion. 

Transient Current 

The maximum peak output current of the DS0025 is given 

as 1.5A. Average transient current required from the driver 

can be calculated from: 


)— CL (Vt-V7) fi 
t 


Typical rise times into 1000 pF load is 25 ns. For Vt — V- 
= 20V, |! = 0.8A. 
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Transient Output Power 


The average transient power (Pg-) dissipated, is equal to 
the energy needed to charge and discharge the output ca- 
pacitive load (C,) multiplied by the frequency of operation 
(f). 

Pac = CLx(Vt~-V-)2xf (2) 
Far V+ — V- = 20V,f = 1.0 MHz, C_ = 1000 pF, Pac = 
400 mW. 
Internal Power 
“0” State Negligible (<3 mW) 
“1” State 


(V+-V—)2 
Pint = an ae 


x Duty Cycle 


= 80 mW for Vt+-V- = 20V, DC = 20% 
Package Power Dissipation 


Total average power = transient output power + internal 
power. 


Example Calculation 

How many MM506 shift registers can be driven by a 
DS0025CN driver at 1 MHz using a clock pulse width of 200 
ns, rise time 30-50 ns and 16V amplitude over the tempera- 
ture range 0°~70°C? 
Power Dissipation: 

At 70°C the DSO0O25CN can dissipate 870 mW when sol- 
dered into printed circuit board. 

Transient Peak Current Limitation: 

From equation (1), it can be seen that at 16V and 30 ns, the 
maximum load that can be driven is limited to 2800 pF. 
Average Internal Power: 

Equation (3), gives an average power of 50 mW at 16V and 
a 20% duty cycle. 

For one-half of the DS0025C, 870 mW ~ 2 can be dissipat- 
ed. 

435 mW = 50 mW + transient output power. 

385 mW = transient output power. 

Using equation (2) at 16V, 1 MHz and 350 mW, each half of 
the DSO025CN can drive a 1367 pF load. This is less than 
the load imposed by the transient current limitation of equa- 
tion (1) and so a maximum load of 1367 pF would prevail. 
From the data sheet for the MM506, the average clock 
pulse load is 80 pF. Therefore the number of devices driven 
is 1367/80 or 17 registers. 

For further information please refer to National Semicon- 
ductors Application Note AN-76. 
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DS0026/DS0056 


ZA National 


Semiconductor 
DS0026/ DS0056 5 MHz Two 


General Description 


DS0026/DS0056 are low cost monolithic high speed two 
phase MOS clock drivers and interface circuits. Unique cir- 
cuit design provides both very high speed operation and the 
ability to drive large capacitive loads. The device accepts 
standard TTL outputs and converts them to MOS logic lev- 
els. They may be driven from standard 54/74 series and 
54S/74S series gates and flip-flops or from drivers such as 
the DS8830 or DM7440. The DS0026 and DS0056 are in- 
tended for applications in which the output pulse width is 
logically controlled; i.e., the output pulse width is equal to 
the input pulse width. 


The DS0026/DS0056 are designed to fulfill a wide variety of 
MOS interface requirements. As a MOS clock driver for long 
silicon-gate shift registers, a single device can drive over 
10k bits at 5 MHz. Six devices provide input address and 
precharge drive for a 8k by 16-bit 1103 RAM memory sys- 
tem. Information on the correct usage of the DS0026 in 
these as well as other systems is included in the application 
note AN-76. 


The DS0026 and DS0056 are identical except each driver in 
the DSO056 is provided with a Vgg connection to supply. a 


higher voltage to the output stage. This aids in pulling up the - 


Connection Diagrams (top views) 
TO-5 Package Dual-In-Line Package 


NC OUTA v* ogUTB 


TL/F/5853-1_ 
Note: Pin 4 connected to case. | NC 
Order Number 
DS0026H or DS0026CH 
See NS Package 
Number H08C 


INA Vo OINB 


DS0026CL or DSO026CN 
See NS Package Number 
JO8A or NO8E 


TO-5 Package 


TL/F/5853-2 
Order Number DS0026CU-8, 


Dual-In-Line Package 


Phase MOS Clock Drivers 


output when it is in the high state. An external resistor tied 
between these extra pins and a supply higher than V+ will 
cause the output to pull up to (V+ — 0.1V) in the off state. 
For DS0056 applications, it is required that an external re- 
sistor be used to prevent damage to the device when the 
driver switches low. A typical Vgg connection is shown on 
the next page. 

These devices are available in 8-lead TO-5, one watt copper 
lead frame 8-pin mini-DiP, and one and a half watt ceramic 
DIP, and TO-8 packages. 


Features | 

m Fast rise and fall times—20 ns 1000 pF load 

@ High output swing—20V : 

® High output current drive—+1.5 amps 

m TTL compatible inputs 

@ High rep rate—5 to 10 MHz depending on power dissi- 
pation 

m Low power consumption in MOS “0” state—2 mW 

@ Drives to 0.4V of GND for RAM address drive 


TO-8 Package _ Dual-In-Line Package 


ac NC OOUTA ONG NA v- 
TL/F/5853-4 
Order Number 
DS0026J or DS0026CJ 
See NS Package 


Number J14A 


TL/F/5853-3 
Order Number 
DS0026G or DS0026CG 
’ See NS Package 
Number G12B 


Dual-In-Line Package 


OQUTA vV* Vea OUTS 


TL/F/5853-5 ’ 
Note: Pin 4 connected to case. 
Order Number 
DS0056H or DSO056CH 
See NS Package 
Number H08C 


Veen INA V™ 


7 6 5 


TL/F/5853-7 
Order Number DSOO56J 
or DSOO56CJ 
See NS Package Number J14A 


2 3 4 
INB 


TL/F/5853-6 


Order Number DS0056U-8, 
DS0056CJ-8 or DSOO56CN 
See NS Package Number 


JO8A or NO8E 
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Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, Metal! Can (TO-5) 660 mW 
please contact the National Semiconductor Sales EIAJ SO Package 800 mW 
Office/Distributors for availability and specifications. Operating Temperature Range 


V+ — V7- Differential Voltage 22V DS0026, DSO056 —55°C to + 125°C 
Input Current 100 mA DS0026C, DS0056C 0°C to + 70°C 


Input Voltage (Vin — V-) 5.5V Storage Temperature Range —65°C to + 150°C 
Peak Output Current 1.5A Lead Temperature (Soldering, 10 sec.) 300°C 


Maximum Power Dissipation* at 25°C * Derate 8-pin cavity package 7.7 mW/°C above 25°C; derate 14-pin cavity 

Cavity Package (8-Pin) 1150 mW eect ee ae ge tessa Kea yal 

A _Pj above 25°C; derate metal can -5) package 4.4 mW/°C above 25°C; 
Sanur 4-Pin) ae aby derate EIAJ SO package 5.5 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


| min | typ_| 
Logic” nputVoltage [v-=ov | 
Logie""Inputurent_[Va—V-=2av | | tO 
Logic" InputVoltage _|v-=ov | 
Logic “0” Input Current a= vosoy as 
Logic “1” OutputVoltage | Viy~V~ = 24Vilon=tma || v0.7 | v-+1.0| 


Logic “0” Output Voltage | Vin — V- = 0.4V,Vsg = Vt + 1.0V | DSO026 eeu 
(ealpeti psooss{v+-o3|ve-o1| | 
locion) | “ON" Supply Current | V+ —V- = 20V,Vin—V~ =24v [psoozs]| || 30 {| 40 


(one side on) (Note 6) josooss| | 2 | 80 
locorr) | “OFF” Supply Current] V+ — V~ = 20, moc | | to | 00 | 
Ne jaro | | to | 500 


Switching Characteristics (1, = 25°C) (Notes 5 and 7) 


symbol 2 a ae ee ee 
ton Shestahendl oe ecewemremre sours fxr aoe 
Te 
torr UID eee te ee 
eect ae | fiwezy CT Tt 


Ea Pe won [es 
gee [as er | 


Ree 5) C, = 1000 pF 


Bie ee ae ee ae eae 
Loe ee oe 
eS ae 
ae rer a eee 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics provides conditions for actual device 
operation. 

Note 2: These specifications apply for V+ — V- = 10V to 20V, C, = 1000 pF, over the temperature range of —55°C to + 125°C for the DS0026, DSO0056 and 
0°C to + 70°C for the DS0026C, DSO056C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: All typical values for Ta = 25°C. 

Note 5: Rise and fall time are given for MOS logic levels; i.e., rise time is transition from logic “0” to logic 1” which is voltage fall. 

Note 6: lpg for DS0056 is approximately (Vgg — V—)/1 kf (for one side) when output is low. 

Note 7: The high current transient (as high as 1.5A) through the resistance of the internal interconnecting V— lead during the output transition from the high state to 
the low state can appear as negative feedback to the input. If the external interconnecting lead from the driving circuit to V— is electrically long, or has significant de 
resistance, it can subtract from the switching response. 
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DS0026/DS0056 


Typical Vgg Connection 


Vea = +8V 


TL/F/5853-8 


Typical Performance Characteristics 


Input Current vs Input Voltage 


SERRE. 
PI | 


Supply Current vs Temperature 


INPUT CURRENT (mA) 
SUPPLY CURRENT (mA) 


6.0 
-75 -60 -25 0 25 60 75 100 125 
TEMPERATURE (°C) 


“10-05 0 05 10 15 20 25 


INPUT VOLTAGE (V) 


Rise Time vs Load 
Capacitance 


Ger #7 AC TEST CIRCUIT 


(FIGURE 2) 


RISE TIME (ns) 
FALL TIME {ns} 


aa 
AC TEST CIRCUIT 


(FIGURE 1) 


200 «400 600 800 1000 1200 . 200 


LOAD CAPACITANCE (pF) 


‘Recommended Input Coding 
Capacitance 


- 400 

rate ne 
A 

C, = 1000 pF _ Z| 320 

LOGICALLY CONTROLLED YY |__| 280 

PULSE (FIGURE 2) 


TURN-ON, TURN-OFF DELAY (ns) 


Turn-On and Turn-Off Delay 
vs Temperature 


od 626i aN (Ia ed Da ae 
(SS a 
Pp ar 
an a 
rr 
SNe 
pe Tr 
Vee * 20V 
Cyy = Cy = 1000 pF 
54500 ON INPUT 
(FIGURE 2) 
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TEMPERATURE ("C) 


Fall Time vs Load 
Capacitance 


Be TEST CIRCUIT 
ie = 


AC TEST CIRCUIT 


. (FIGURE 1) 
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Schematic Diagrams 
1/2 DS0026 


EXTERNAL 


TL/F/5853-10 


1/2 DS0056 


EXTERNAL 
iN 


of 


i 
cas aye 
oe 2h 
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DS0026/DS0056 


2N2369A 


tpl 


fe ee 


Vin = §V 
PRF = 1 MHz 
PW = 0.8 us 
tt <10ns 


FIGURE 1 


PULSE GEN 
INPUT 


O-3V 
tats 10ns 


Ci eg 
il oF 


TL/F/5853-13 
TL/F/5853-12 
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FIGURE 2 


Typical Applications 


AC Coupled MOS Clock Driver 


+5V 


"TWO PHASE CLK 


DS0026CN TO SRIF 
REGISTERS OR RAMS 


64/74 SERIES 
GATES AND FLOPS 
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Application Hints 


DRIVING THE MM5262 WITH THE 
DS0056 CLOCK DRIVER 


The clock signals for the MM5262 have three requirements 
which have the potential of generating problems for the 
user. These requirements, high speed, large voltage swing 
and large capacitive loads, combine to provide ample op- 
portunity for inductive ringing on clock lines, coupling clock 
signals to other clocks and/or inputs and outputs and gen- 
erating noise on the power supplies. All of these problems 
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DC Coupled RAM Memory Address or Precharge 
Driver (Positive Supply Only) 


HIV 
O 


TO ADORESS 
OS0026CN LINES 


ON 
MEMORY SYSTEM 


1/2 DM7400 


TL/F/5853-17 


have the potential of causing the memory system to mal- 
function. Recognizing the source and potential of these 
problems early in the design of a memory system is the 
most critical step. The object here is to point out the source 
of these problems and give a quantitative feel for their mag- 
nitude. 





Application Hints (continued) 


Line ringing comes from the fact that at a high enough fre- 
quency any line must be considered as a transmission line 
with distributed inductance and capacitance. To see how 
much ringing can be tolerated we must examine the clock 
voltage specification. Figure 6 shows the clock specifica- 
tion, in diagram form, with idealized ringing sketched in. The 


*Veminy * Minimum threshold voltage. 


TL/F/5853~18 
FIGURE 6. Clock Waveform 


ringing of the clock about the Vgg level is particularly critical. 
lf the Vsg — 1 Vox is not maintained, at a// times, the infor- 


EXTERNAL 


mation stored in the memory could be altered. Referring to 
Figure 7, if the threshold voltage of a transistor were —1.3V, 
the clock going to Vgg — 1 would mean that all the devices, 
whose gates are tied to that clock, would be only 300 mV 
from turning on. The internal circuitry needs this noise mar- 
gin and from the functional description of the RAM it is easy 
to see that turning a clock on at the wrong time can have 
disastrous results. 


Controlling the clock ringing is particularly difficult because 
of the relative magnitude of the allowable ringing, compared 
to magnitude of the transition. In this case it is 1V out of 20V 
or only 5%. Ringing can be controlled by damping the clock 
driver and minimizing the line inductance. : 


Damping the clock driver by placing a resistance in serie 

with its output is effective, but there is a limit since it also 
slows down the rise and fall time of the clock signal. Be- 
cause the typical clock driver can be much faster than the 
worst case driver, the damping resistor serves the useful 
function of limiting the minimum rise and fall time. This is 
very important because the faster the rise and fall times, the 
worse the ringing problem becomes. The size of the damp- 
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FIGURE 7. Schematic of 1/2 DS0056 
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Application Hints (continued) 


ing resistor varies because it is dependent on the details of 
the actual application. It must be determined empirically. In 
practice a resistance of 102 to 202 is usually optimum. 


Limiting the inductance of the clock lines can be accom- 
plished by minimizing their length and by laying out the lines 
such that the return current is closely coupled to the clock 
lines. When minimizing the length of clock lines it is impor- 
tant to minimize the distance from the clock driver output to 
the furthest point being driven. Because of this, memory 
boards are usually designed with clock drivers in the center 
of the memory array, rather than on one side, preguelng the 
maximum distance by a factor of 2. 


Using multilayer printed circuit boards with clock lines sand- 
wiched between the Vpp and Vss power plains minimizes 
the inductance of the clock lines. It also serves the function 
of preventing the clocks from coupling noise into input and 
output lines. Unfortunately multilayer printed circuit boards 
are more expensive than two sided boards. The user must 
make the decision as to the necessity of multilayer boards. 
Suffice it to say here, that reliable memory boards can be 
designed using two sided printed circuit boards. 


The recommended clock driver for use with the MM4262/ 
MM5262 is the DS0056/DS0056C dual clock driver. This 
device is designed specifically for use with dynamic circuits 
using a substrate, Vgp, supply. Typically it will drive a 1000 
pF load with 20 ns rise and fall times. Figure 7 shows a 
schematic of a single driver. 

In the case of the MM5262, V+ is a +5V and Vp is 
+8.5V. Veg should be connected to the Veg pin shown in 
Figure 7 through a 1 k®. resistor. This allows transistor Q8 to 


+5V 


-15V 
Cu xav 


Lt aap 


_ 10°F + 20V 
20 x 10°? sec 


vee 


= 1A 
TL/F/5853-19 


FIGURE 8. Clock Waveforms (Voltage and Current) 
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saturate, pulling the output to within a VcE(saT) of the V+ 
supply.. This is critical because as was shown before, the 
Vss — 1.0V clock level must not be exceeded at any time. 
Without the Vgp pull up on the base of Q8 the output at best 
will be 0.6V below the V+ supply and can be 1V below the 
V+ supply reducing the noise margin on this line to zero. 


Because of the amount of current that the clock driver must 
supply to its capacitive load, the distribution of power to the 
clock driver must be considered. Figure 8 gives the ideal- 
ized voltage and current waveforms for a clock driver driving 
a 1000 pF capacitor with 20 ns rise and fall time. 


As can be seen the current is significant. This current flows 
in the Vpp and Vgg power lines. Any significant inductance 
in the lines will produce large voltage transients on the pow- 
er supplies. A bypass capacitor, as close as possible to the 
clock driver, is helpful in minimizing this problem. This by- 
pass is most effective when connected between the Vss 
and Vpp supplies. A bypass capacitor for each DSOOS56 is 
recommended. The size of the bypass capacitor depends 
on the amount of capacitance being driven. Using a low 
inductance capacitor, such as a ceramic or silver mica, is 
most effective. Another helpful technique is to run the Vpp 
and Vgzg lines, to the clock driver, adjacent to each other. 
This tends to reduce the lines inductance and therefore the 
magnitude of the voltage transients. 

While discussing the clock driver, it should be pointed out 
that the DS0056 is a relatively low input impedance device. 
It is possible to couple current noise into the input without 
seeing a significant voltage. Since the noise is difficult to 
detect with an oscilloscope it is often overlooked. 


Lastly, the clock lines must be considered as noise genera- 
tors. Figure 9 shows a clock coupled through a parasitic 
coupling capacitor, Cc, to eight data input lines being driven 
by a 7404. A parasitic lumped line inductance, L, is also 
shown. Let us assume, for the sake of argument, that Cc is 
1 pF and that the rise time of the clock is high enough to 
completely isolate the clock transient from the 7404 be- 
cause of the inductance, L. 


Vss 
TL/F/5853-20 
FIGURE 9. Clock Coupling 


With a clock transition of 20V the magnitude of the voltage 
generated across C, is: 
Co ( 1 
V = 20V X ———— = 20V x 

CL + Co 56 +1 
This has been a hypothetical example to emphasize that 
with 20V low rise/fall time transitions, parasitic elements 
can not be neglected. In this example, 1 pF of parasitic 
capacitance could cause system malfunction, because a 
7404 without a pull up resistor has typically only 0.3V of 


) = 0.35V 





Application Hints (continuea) 


noise margin in the 1” state at 25°C. Of course it is stretch- 
ing things to assume that the inductance, L, completely iso- 
lates the clock transient from the 7404. However, it does 
point out the need to minimize inductance in input/output as 
well as clock lines. 
The output is current, so it is more meaningful to examine 
the current that is coupled through a 1 pF parasitic capaci- 
tance. The current would be: 
AV 1x 107-12 x 20 
1=Cox — = —— = 1 MA 
Cat 20 x 10-9 
This exceeds the total output current swing so it is obviously 
significant. 


Packaging Information 


0.039 
(1.00) 


Are 


ra 


0.080 





0.260 
(6.604) 


0.025 
(0.650) 


0.008 
(0.200) 


(2.030) MAX 


0.028 + 0.002 | 
(0.720+0.050) 
TYP 


Clock coupling to inputs and outputs can be minimized by 
using multilayer printed circuit boards, as mentioned previ- 
ously, physically isolating clock lines and/or running clock 
lines at right angles to input/output lines. All of these tech- 
niques tend to minimize parasitic coupling capacitance from 
the clocks to the signals in question. 

In considering clock coupling it is also important to have a 
detailed knowledge of the functional characteristics of the 
device being used. As an example, for the MM5262, cou- 
pling noise from the #2 clock to the address lines is of no 
particular consequence. On the other hand the address in- 
puts will be sensitive to noise coupled from $1 clock. 


0.206 0.004 
(5.250 + 0.100) 


0.311 £0,008 


0.039 (7.900 +0.200) 


(1.000) 


0.209 + 0.004 
(5.300 £0.100) 


— 


0.039 
(1.000) 


| 0.015 +0.002 
o_o >| (0.400+0.050) ‘YP 


0.008 


C es 


0.004 + 0.004 
0.050 +0.004 (0.100 + 0.100) 


(1.270 0.100) 
TYP 





TL/F/5853-21 


8-Lead Surface Mount Package 
Order Number DSO026CL 
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9500S0/9200SG 


DS3245 


44 National 


Semiconductor 


General Description 


The DS3245 is a quad bipolar-to-MOS clock driver with TTL 
compatible inputs. It is designed to provide high output cur- 
rent and voltage capabilities necessary for optimum driving 
of high capacitance N-channel MOS memory systems. 


Only 2 supplies, 5 Voc and 12 Voc, are required without 
compromising the usual high Voy specification obtained by 
circuits using a third supply. 

The device features 2 common enable inputs, a refresh in- 
put, and a clock control input for simplified system designs. 
The circuit was designed for driving highly capacitive loads 
at high speeds and uses Schottky-clamped transistors. PNP 
transistors are used on all inputs, thereby minimizing input 
loading. 


Logic and Connection Diagrams 


TL/F/5873~-1 


-DS3245 Quad MOS Clock Driver 


Features 

m TTL compatible inputs 

m Operates from 2 standard supplies: 5 Voc, 12 Vpc 

m Internal bootstrap circuit eliminates need for external 
PNP’s 

mg PNP inputs minimize loading 

High voltage/current outputs 

@ Input and output clamping diodes 

= Control logic optimized for use with MOS memory sys- 
tems 

mw Pin and function equivalent to Intel 3245 


Dual-In-Line Package 


Voo 
ouT1 
SEL1 

CLK IN 
RFSH IN 
SEL2 
ouT2 


GND 


TL/F/5873-2 
Top View 


Order Number DS3245J or DS3245N 
See NS Package Number J16A or N16A 





Absolute Maximum Ratings Operating Conditions 


If Military/Aerospace specified devices are required, Min Max 
please contact the National Semiconductor Sales Supply Voltage, Vcc 4.75 §.25 
Office/Distributors for availability and specifications. Supply Voltage, Vpp 11.4 12.6 


Temperature Under Bias —10°C to + 85°C Operating Temperature 9Ta 0 75 
Storage Temperature —65°C to + 150°C 
Supply Voltage, Voc _ —0.5Vto +7V 
Supply Voltage, Vop —0.5V to +14V 
All Input Voltages —1.0V to Vpp 
Outputs for Clock Driver —1.0V to Vpp + 1V 


Maximum Power Dissipation* at 25°C 
Cavity Package 1509 mW 
Molded Package 1476 mW 


*Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C, 


Spcesd 


Electrical Characteristics (Notes 2 and 3) 


Output High Voltage lon = -1mAVi=08V | Vpp-050{ | | 


Plow=sma | | Vo + 1.0 
[_InputLowVoltage,alinputs | | TT 
| InputHigh Voltage, allinputs | | 
Voo=Minin=—12ma | | -10 | -18 | 


Power Supply Current Drain 


Conditions | win | typ | Max__| 
Current from Voc Voc = 5.25V, 26 34 
Output in High State Vop = 12.6V 
Current from Vop Voc = 5.25V, 23 
Output in High State Vpop = 12.6V 
Current from Voc Voc = 5.25V, 

Output in Low State Vpop = 12.6V 
Current from Vpp Voc = 5.25V, 
Output in Low State Vop = 12.6V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +°C range. All typical values are for Ta = 25°C and Voc = 5V and Vop = 12V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
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DS3245 


Switching Characteristics tT, = 0°C to +75°C, Vog = 5V 5%, Vop = 12V £5% 


|___ Parameter | __—Gonaitions—|mintt) | typi) | Maxi) _| 
|_Input to OutputDelay | Asenes=9 | | tt 

| _Delay Pius Rise Time | Asenes=0 | | 20 |e 
| InputtoOutput Delay | Asenes=0 | 3 | 7 | 
|_DelayPuusFallTimo | Asenes=0 | | tS] 
Pscnes= 200 | 10 | 7 | 
scnes= 200 | | a7 | 
| Delay PiusFaiitime | Asenes=20n | | as | 


Capacitance T, = 25°c@) 


| Parameter | Conditions| min | typ_| Max _| 
Input Capacitance,tivlatl | ss | | | 





|__InputCapacitanc,,CEE2 | | | Tt 


Note 1: C, = 150 pF 

Note 2: C_ = 200 pF } These values represent a range of total stray plus clock capacitance for nine 4k RAMs. 

Note 3: C, = 250 pF 

Note 4: Typical values are measured at 25°C, 

Note 5: This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vejas = 2V, Voc = OV, and Ta = 25°C. 


_AC Test Circuit and Switching Time Waveforms 


R 
} oszzas | SERIES Input pulse amplitudes: 3V 
Input pulse rise and fall times: 
5 ns between 1V and 2V 


C, 
Measurements points: see waveforms 


TL/F/5873-3 


INPUTS 


TL/F/5873-4 
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ZANationat 


Semiconductor 


829€SG/8291SG 


DS1628/DS3628 Octal TRI-STATE® MOS Drivers 


General Description Features 

The DS1628/DS3628 are octal Schottky memory drivers _™ High speed capabilities 

with TRI-STATE outputs designed to drive high capacitive — Typical 5 ns driving 50 pF & 8 ns driving 500 pF 
loads associated with MOS memory systems. The drivers’ m TRI-STATE outputs 

output (Voy) is specified at 3.4V to provide additional noise =m ~High Voy (3.4V min) 

immunity required by MOS inputs. A PNP input structure is High density 
employed to minimize input currents. The circuit employs — Eight drivers and two disable controls for TRISTATE 
Schottky-clamped transistors for high speed. A NOR gate of in a 20-pin package 

two inputs, DIS1 and DIS2, controls the TRISTATE mode. PNP inputs reduce DC loading on bus lines 


™ Glitch-free power up/down 


Schematic and Connection Diagrams 


Dual-In-Line Package 


INTERNAL 
LOGIC 
CIRCUITRY 


Top View TL/F/5875-2 


TL/F/5875~1 Order Number 


DS1628J, DS3628JU, DS3628N 
See NS Package Number J20A or N20A 


(Equivalent Input/Output Circuit) 


Truth Table Typical Application 


Disable Input ; 
A 0S1628 
OR 


DIS1 DIS2 





? 
ADDRESS 
Pr utNes 


MM5290 


0S1628 16k DYNAMIC 
R RAM 


0 
DS3628 





| 
. I 
H = high level 
bere low aeNe MULTIPLEX I 
X = don't care CONTROL | 
Z = high impedance (off) DIST DISD 
; REFRESH DS1628 l 
I 
I 


COUNTER 
C040248 0S3628 


co ae ene oe oe 


TL/F/5875-3 
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DS1628/DS3628 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 7.0V 
Logical ‘‘1” Input Voltage 7.0V 
Logical ‘‘O” Input Voltage —1.5V 
Storage Temperature Range — 65°C to + 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 1832 mW 


Lead Temperature (Soldering, 10 seconds) 300°C 


*Derate cavity package 11.1 mW/°C above 25°C; derate molded package 
14.7 mW/°C above 25°C. 


1667 mW 


Electrical Characteristics (notes 2, 3) 


Symbol Parameter 


Logical “1” Input Voltage 
Logical ‘‘O” Input Voltage 


VINCI 
VINO 
UTNYal 
lIN(O 
VcCLAMP 
VoH 


Logical ‘O” Input Current 


Input Clamp Voltage 
Logical “1” Output Voltage 
(No Load) 


Logical ‘‘0” Output Voltage 
(No Load) 


VoL Voc = 4.5V, lo, = 10 pA 


Logical 1” Output Voltage 
(WithLoad) 


VOH 


VoL Logical ‘‘O” Output Voltage 


Logical “1” Input Current Voc = 5.5V Vin = 5.5V 
Voc = 5.5V Vin = 5.5V 
Voc = 4.5V) lin = —18mA 


| Min | 
| 2.0 | 
Lose 
ie 
ead 
Pot 
Voc = 4.5V,loH= —-10npA | Ddsie2e | 34] 4. 
ee eerie 
|| 
— 
| 2.5 | 


Voc = 4.5V, lon = —1.0 mA 


Operating Conditions 

Min Max 

Supply voltage (Vcc) 4.5 5.5 
Temperature (Ta) 

DS1628 _ 55 


DS3628 0 


+125 
+70 


40 


—0.7 | —1.2 


bh bs | 


pb 
a 


0.25 0.4 


| 
- 
° 
° 


loc 


Voc = 4.5V, lo, = 20 mA DS1628/DS3628 
(With Load) 


lip Logical “1” Drive Current | Voc = 4.5V, Vout = OV, (Note 6) =e 
lop Logical “0” Drive Current | Voc = 4.5V, Vout = 4.5V, (Note 6) | | 50 | 
Hi-Z TRI-STATE Output Current | Vout = 0.4V to 2.4V, DIS1 or DIS2 = 2.0V 


Power Supply Current Voc = 5.5V | One DIS Input = 3.0V 120 
All Other Inputs = X, Outputs at Hi-Z 
DIS1, DIS2 = OV, Others = 3V | | 70 | 00 | 


Outputs on 


| Allinputs = OV, Outputson || 25 | 50 


Switching Characteristics (vcc = 5v, Ta = 25°C) (Note 6) 





Conditions | Min | Typ | Max | 
|= soprF | | 40 | 50 | 
| C= soopr | | 65 | 80 | 


’ Storage Delay Negative Edge , (Figure 1) 
Storage Delay Positive Edge , (Figure 1) C. = 50 pF | | 42 | 5.0 | 
—_— C= s500prF_ | | 65 | 8.0 | 
FaliTime (Figure 1) CL = 50 pF | | 42 | 60 | 
2 CL = 500 pF 19 


Rise Time (Figure?) | G=s50pF | | 82 | 7.0 | 
| = s500pF | | 20 | 


Rt = 2k to Vcc 
(Figure 2) 
| feel 


C, = 50 pF 
“| ,to GND 

CO, = 50 pF 

to GND 


Delay from Disable Input to Logical “0” 
Level (from High Impedance State) 


Delay from Disable Input to Logical 1” 
Level (from High Impedance State) 


R_ = 2k to GND 
(Figure 2) 
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Switching Characteristics (Continued) (Voc = 5V, Ta = 25°C) (Note 6) 


Parameter | Conditions 


Delay from Disable Input to High Impedance | C, = 50 pF 
State (from Logical “0” Level) to GND 


Delay from Disable Input to High Impedance | C, = 50pF 
State (from Logical “‘1”’ Level) to GND 


829€SG/8291Sd 


R_ = 4002 to GND 
(Figure 3) 


Ri = 4002 to Vcc 
(Figure 3) 
| jes | 5 


AC Test Circuits and Switching Time Waveforms 


ts+—,ts—+, tr te 
Vec 


PULSE 
GENERATOR OUTPUT 
(NOTE 4) 


TL/F/5875-5 


TL/F/5875-4 
FIGURE 1 


tzu 


OISABLE 
INPUT 


OuTPuT* 


(NOTE 6) 
O Vout 


50 pF 


(NOTE al 


TL/F/5875-6 


(NOTE 6) 
O5V 


50 pF A 
(NOTE §) 
TL/F/5875-8 


= *ANY ONE OF EIGHT OUTPUTS 


. TL/F/5875-7 
FIGURE 2 


tLz 


OISABLE 
INPUT 


VOH 
OUTPUT 
PULSE (NOTE 6) 
GENERATOR me oub 
(NOTE 4) F 
50, PULSE 
(NOTE 5) GENERATOR R 
(NOTE 4) 50pF 0.5V 
ile 5) 


TL/F/5875-9 _ TL/F/5875-11 


TL/F/5875-10 
FIGURE 3 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified, min/max limits apply across the —55°C to + 125°C temperature range for the DS1628 and across the 0°C to + 70°C range for 
the DS3628. All typical values are for Ta = 25°C and Voc = SV. 

Note 3: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages references to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: The pulse generator has the following characteristics: Zgyr = 509 and PRR < 1 mHz. Rise and fall times between 10% and 90% points < 5 ns. 
Note 5: C, includes probe and Jig capacitance. 

Note 6: When measuring output drive current and switching response for the DS1628 and DS3628 a 152 resistor should be placed in series with each output. 
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DS3647A 


ZA National 


Semiconductor 


DS3647A Quad TRI-STATE® MOS Memory I/O Register 


General Description 


The DS3647A is a 4-bit 1/O buffer register intended for use 
in MOS memory systems. This circuit employs a fall-through 
latch for data storage. This method of latching captures the 
data in parallel with the output, thus eliminating the delays 
encountered in other designs. This circuit uses Schottky- 
clamped transistor logic for minimum propagation delay and 
employs PNP input transistors so that input currents are 
low, allowing a large fan-out for this circuit which is needed 
in a memory system. 


Two pins per bit are provided, and data transfer is bi-direc- 
tional so that the register can handle both input and output 
data. The direction of data flow is controlled through the 
input enables. The latch control, when taken low, will cause 
the register to hold the data present at that time and display 
it at the outputs. Data can be latched into the register inde- 
pendent of the output disables or EXPANSION input. Either 
or both of the outputs may be taken to the high-impedance 
state with the output disables. The EXPANSION pin dis- 
ables both outputs to facilitate multiplexing with other 1/O 
registers on the same data lines. 


Logic and Connection Diagrams 


eer 
OUTPUT 


ENABLES DISABLES 


“The DS3647A features TRI-STATE outputs. The “B” port 


outputs are designed for use in bus organized data trans- 
mission systems and can sink 80 mA and source —5.2 mA, 
Data going from port “A” to port “B” and from “B” to port 
“A” is inverted in the DS3647A. 


Features 

@ PNP inputs minimize loading 

@ Fall-through latch design 

@ Propagation delay of only 15 ns 
mg TRI-STATE outputs 

m EXPANSION control 

@ Bi-directional data flow 

m@ TTL compatible 

lm Transmission line driver output 


Dual-In-Line Package 


A 
INPUT 
ENABLE B 


CATCH 


OUTPUT 
DISABLE 


A2 
B2 


GND 


TL/F/8354-2 
Top View 


Order Number DS3647AD or DS3647AN 
See NS Package Number D16C or N16A 


OB O 
EXPANSION 


TL/F/8354-1 
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Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min Max 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 4.5 5.5 
Office/Distributors for avallability and specifications. Temperature (Ta) 


Supply Voltage 7V DS3647A 0 +70 
Input Voltage —1.5V to +7V 
Storage Temperature Range —65° to + 150°C 
Maximum Power Dissipation* at 25°C 
Molded Package 1476 mW 


Lead Temperature (Soldering, 10 seconds) 300°C 
*Derate molded package 10.0 mW/* C above 25°C. 


vlp9esa 


Electrical Characteristics (Notes 2 and 3) 


inn [Lowe "t"inputvotage | Ss—<“—~s*s™sSsSsSS | TSsd;C 
Vino | bos"O"inatVenage 
Ina) Logic ‘‘1” Input Current | Latch, Disable Inputs] | 0.1 | 40 | 

tae FEmansion | | 02 | 60 | 
FEnabie inputs | | 04 | 200 | 
Logic ‘‘O” Input Current | Latch, Disable Inputs | | —25 | —260 | 
Enable, tnputs |__| 0.4 | —1.28| 
Voawp | Input Clamp Voltage (Voo=48Viin=—1ema—~S~S=S*S~*s*~*~‘“S~wSS*idC 022 | 


Logic ‘‘0” Output Voltage 


Logic “0” Output Voltage Voc=4.5V loL=30 mA {28 | os | 





VoL(s) 
B Ports lol =50 mA 
Logic ‘‘1” Output Voltage Voc=5V 


A Ports 


Vous Logic “1” Output Voltage = ~5.2 mA, (Note 4) 
B Ports lVec=45V | 4.5V 
los) rete Short-Circult Current | \/_- _ 4 5V to 5.5V, Vout = OV, (Note 4) }=50] 20 | 120] 
lager Bees Short-Circuit Current Voc=4.5V to 5.5V, Voyr = OV, (Note 4) ee 
Power Supply Current Exp=3V, A Ports=0V, 
B Ports Open, All Other Pins=0V | DS3647A 


Enable A, Latch= 3V, A Ports= 
OV, B Ports Open, All Other DS3647A 70 
Pins=0V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range. All typicals are given for Veg =5V and Ta=25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
Note 4: Only one output at a time should be shorted. 


VoH(A) loy=—1mA 
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DS3647A 


Switching Characteristics (vcc=5v, T,=25°C) 


symbol | __—Parameter_—— | Gonditions. | min | typ | Max | Units 


DATA TRANSFER B PORT TO A PORT 


Cena CL=50 pF, R_ =2800, 
C, =50 pF, R= 2800, 
“ ” 2 
ee ee (Figures 1 and 4) | foe | oe 


A PORT CONTROL FROM OUTPUT DISABLE A INPUT 


Delay to High Impedance from : 
3 
Logic “0 (Figures 1 and 5) 1 
Delay te high Impedance from (Figures 1 and 6) 14 
Logic ‘1 
Delay to Logic “0” from High (Figures 1 and 7) 10 15 
Impedance 
Delay to Logic “1” from High (Figures 1 and &) 35 
Impedance 


DATA TRANSFER A PORT TO B PORT, DS3647A 


: , CL=50 pF, RL=100 9, 
rn 12 
Propagation Delay to.a Logic 0 (Figures Qand4) 
H + hay CG, =50 pF, RL=100 9, 
Propagation Delay to a Logic ‘‘1 (Figures 2 and 4) 


B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS3647A 


Logic “‘0 


Delay to High Impedance from (Figures 2 and 6) 14 
Logic “1 

Impedance 

Delay to Logic “1” from High (Figures 2 and 8) 

Impedance ; 


LATCH SET-UP AND HOLD TIMES, ALL DEVICES 
Set-Up Time of Data Input Before 
Latch Goes Low 
Hold Time of Data Input After 
Latch Goes Low 


Product Description 


Device Number Bert Te MPor | ArortoB rer APort Outputs | B Port Outputs 
Function Function 


DS3647A TRESTATE | TRISTATE 
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Truth Table 


Input 
E ee A Ports B Ports 
nables Latch A1-A4 B1-B4 Comments 


V2p9esd 


Data in on A, output to B 
Data in on B, output to A 


Data stored which is present 
when latch goes low 


Data stored which is present 
when latch goes low 


Both A and B in Hi-Z state, 
Data in on A, may be latched 


Both A and B in Hi-Z state, 
Data in on B, may be latched 


Both A and B in Hi-Z state 


AC Test Circuits 


TEST TEST 
POINT POINT 


Cy c 
50 pF 50 pF 


(NOTE 1) | (NOTE 1) | 


TL/F/8354~3 TL/F/8354-4 


FIGURE 1. A Port Load FIGURE 2. B Port Load 
Note 1: C, includes probe and jig capacitance. 


Operating Waveforms 
Using TRI-STATE : TRI-STATE Disabled 


INPUT DATA VALID ~*—— INPUT DATA VALIO 


tL Ren oe teat ta 


INPUT 
ENABLE 
OUTPUT 

DISABLE 


OUTPUT a mm ome em me 


* 
— = NS 
KKK SY Nn ee 
DATA L., DATA --| DATA 
LATCHED FEED-THROUGH I~ LATCHED 
OUTPUT ouTPUT OUTPUT ed 
TRISTATE ACTIVE "| ~~ TRISTATE OUTEUT-AGTIVE 


TL/F/8354-5 TL/F/8354~6 





*When the Input Enable makes a negative transition, the output will be indeterminate for a short duration. The negative transition of the Input Enable normally 
occurs during a don't-care timing state at the output. 
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DS3647A 


Switching Time Waveforms 


todo and toa1 


OUTPUT 
(INVERTED) 


OUTPUT 
(NON-INVERTED) 


TL/F/8354-7 


Input Characteristics: f = 1 MHz, ta = te < 5s (10% to 90% points), duty cycle = 50%, Zoyr = 502 
FIGURE 4 


tLz H 


3v ; 3V 
1.5V 
ov Ov 


> |—t1 2 
HI-Z LOGIC “1” 


OUTPUT iin output VOLTAGE 
LOGIC “0” 


VOLTAGE j HZ 


0.5V 


TL/F/8354-8 TL/F/8354-10 


FIGURE 5 FIGURE 6 


tzH 
3V 


tz 
3V 
INPUT ‘i 
ov 
LOGIC “1” 


L 
1.5V 
—~| tzL 
i A 
Pe HI-2 OUTPUT VOLTAGE 
LOGIC “0” HI-Z 
VOLTAGE 
0.5V 


TL/F/8354-9 TL/F/8354-11 
FIGURE 7 _ FIGURE 8 


Schematic Diagram 


EQUIVALENT SNPUT 


INTERNAL 
LOGIC 
CIRCUITRY 


TL/F/8354-12 
Note. Data pins A1-A4 and B1-B4 consist of 
an input and an output tied together. 
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Typical Application 


The diagram below shows how the DS3647A can be used as a register capable of multiplexing data lines. 


4 
DATA LIMES 
(MULTIPLEXED) 


16 

DATA LINES 
TO MOS 
MEMORY 
ARRAY 


10f4 
DECODER 
DM74155 


DS3647A 


TO DS3647A INPUT ENABLES 
DATA 
TO/FROM 
ARRAY 


TO DS3647A LATCH INPUTS 


LATCH 


CONTROL 
TL/F/8354~13 
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DS1648/DS3648/DS1678/DS3678 


ZANational 


Semiconductor 


DS1648/DS3648/ DS1678/ DS3678 TRI-STATE® TTL to 


MOS Multiplexers/Drivers 


General Description 


The DS1648/DS3648 and DS1678/DS3678 are quad 2-in- 
put multiplexers with TRI-STATE outputs designed to drive 
the large capacitive loads (up to 500 pF) associated with 
MOS memory systems. A PNP input structure is employed 
to minimize input currents so that driver loading in large 
memory systems is reduced. The circuit employs Schottky- 
clamped transistors for high speed and TRI-STATE outputs 
for bus operation. 

The DS1648/DS3648 has a 152 resistor in series with the 
outputs to dampen transients caused by the fast-switching 


Logic and Connection Diagrams 








OUTPUT 
CONTROL 


A10O 


(15) 
O 


TL/F/7506-1 


output. The DS1678/DS3678 has a direct, low impedance 
output for use with or without an external resistor. 


Features 

mw TRI-STATE outputs interface directly with system-bus 
@ Schottky-clamped for better ac performance 

m@ PNP inputs to minimize input loading 

m@ TTL compatible 

mw High-speed capacitive load drivers 

a Built-in damping resistor (0S1648/DS3648 only) 


Dual-In-Line Package 


INPUTS INPUTS 


QUTPUT pm, OUTPUT meen, 
Vec CONTROL’ A4 Ba Ya A3 B3 


OUTPUT 
Y3 





SELECT Al B1 Yt A2 B2 v2 GND 
——— output OUTPUT 
INPUTS INPUTS 


TL/F/7506-2 
Top View 


Order Number DS1648J, DS3648J, DS1678J 
DS3678J, DS3648N or DS3678N 
See NS Package Number J16A or N1i6A 
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Absolute Maximum Ratings (note 1) Operating Conditions 
if Military/Aerospace specified devices are required, Min Max 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 4.5 5.5 
Office/Distributors for availability and specifications. Temperature (Ta) 
Supply Voltage 7V DS1648, DS1678 —55 +125 
Logical “1” Input Voltage 7V DS3648, DS3678 0 +70 
Logical “‘O” Input Voltage -1.5V 
Storage Temperature Range —65°C to + 150°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mW 

Molded Package 1362 mW 


Lead Temperature 
(Soldering, 10 seconds) 300°C 


* Derate cavity package 9.6 mW/°C above 25°C; derate molded package 
10.9 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Symbol 


VIN) Logical “1” Input Voltage 


VIN(O) Logical 0” Input Voltage 


lInN() Logical “1” Input Current 

hin@) Logical ‘‘0” Input Current 

VCLAMP Voc = 4.5V, lin = —18mA 

VoH Logical ‘‘1” Output Voltage a eae 
oe | ossssevosae7a | 26 | 36 | 

VoL Logical “0” Output Voltage | Voc = 4.5V, lo. = 10 pA rosieosieve| [oes | 0a | 


Notes osasas/osse7s | | 0.26 | 0.35 
posrers faa {| 8 | 


Logical “1” Output Voltage | Voc = 4.5V, lon = —1.0mA | DS1648 


ane postere fas {| 6 | 
jossese | 26 | 35 || 
posers ___f a7 | as |_| 

Logical ‘‘O” Output Voltage | Voc = 4.5V, lo, = 20 mA DS1648 Fi pecls 

(With Load) DS1678 


DS3648 
DS3678 


Logical “1” Drive Current Voc = 4.5V, Vout = OV, (Note 4) Cee ee 
Logical “0” Drive Current Voc = 4.5V, Vout = 4.5V, (Note 4) -—_} 60 | 
TRI-STATE Output Current | Vout = 0.4V to 2.4V, Output Control = 2.0V 2 


Power Supply Current Voc = 5.5V | Output Control = 3V 
All Other Inputs at OV 


a id 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation, 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS1648 and DS1678 and across the 0°C to 
+70°C range for the DS3648 and DS3678. All typical values for Ta = 25°C and Vog = SV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1678 and DS3678 a 15N resistor should be placed in series with each output. This 
resistor is internal to the 0S1648/DS3648 and need not be added. 
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8Z9€S/8Z91-SG/8P9ESG/8r91SG 


DS1648/DS3648/DS1678/DS3678 


Switching Characteristics voc = 5v, Ta = 25°C (Note 4) 


Symbol Parameter 
ts4 Storage Delay Negative Edge (Figure 1) | C, = 50pF 


Cc 
s 
- 
a 


=] 
n 


< 
SG 


= 


CL = 500 pF 
Storage Delay Positive Edge (Figure 1) | C, = 50pF 


S/;3)59 
Ol1nin 


Fall Time (Figure 1) 

add oe ee 
Rise Time (Figure 1) 
rer= s00pF | 


Delay from Output Control Input to Logical ‘‘0” CL = 50 pF, R_ = 2k to Vcc, 
Level (from High Impedance State) (Figure 2) 
Delay from Output Control Input to Logical ‘1” CL = 50 pF, Rp = 2kN to GND 
Level (from High Impedance State) (Figure 2) 


Delay from Output Contro! Input to High Impedance | C, = 50 pF, R_ = 4002 to Vcc, 
State (from Logical “‘0’’ Level) (Figure 3) 


Delay from Output Control Input to High Impedance | C, = 50 pF, Ri = 4002 to GND, 
State (from Logica! ‘‘1”’ Level) (Figure 3) 


Propagation Delay to Logical ‘‘O0” Transition When = : 
Select Selects A C. = 50 pF, (Figure 1) 

Propagation Delay to Logical ‘‘1” Transition When £3 . 
Select Selects A C_ = 50 pF, (Figure 1) 

CL 1 

: . 


Dis ]/3a 5 
Ao] n {To 


3 
on 


_— 
oO 


Propagation Delay to Logical “0” Transition When = 

Select Selects B = 50 pF, (Figure 1) 
tst Propagation Delay to Logical “1” Transition When = 

Select Selects B C,, = 50 pF, (Figure 1) 


Schematic Diagram 


EQUIVALENT INPUT . EQUIVALENT OUTPUT 


INTERNAL 
LOGIC 
CIRCUITRY 


TL/F/7506-3 
*DS1648/DS3648 only 
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AC Test Circuits and Switching Time Waveforms 


ts+,ts+, TR, te 


Vec 
0.1 pF 


PULSE 
GENERATOR O Vout OUTPUT 


(NOTE 1) 
Cy 
| INES TL/F/7506-5 


7 = TL/F/7506-4 
Note 1: The pulse generator has the following characteristics: Zguy = 50M and PRR < 1 MHz. Rise and fall times between 10% and 90% points s 5 ns. 


Note 2: C, includes probe and Jig capacitance. 
FIGURE 1 


OUTPUT 


PULSE 
GENERATOR GENERATOR 


(NOTE 1) (NOTE 1) 
0.5V 


TL/F/7506-8 


TL/F/7506-6 TL/F/7506-7 


*tnternal on DS1648 and DS3648 FIGURE 2 


tyz 
Vee atyF 


VOH 
OUTPUT 


PULSE 
GENERATOR GENERATOR 


(NOTE 1) (NOTE 1) 
OSV 


TL/F/7506-11 


TL/F/7506-9 TL/F/7506-10 
*Internal on DS1648 and DS3648 


FIGURE 3 


Truth Table 


Output 
Control 


H = High level 
L = Low level 
X = Don't care 
Hi-Z = TRI-STATE mode 
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8Z9€SG/8Z91SG/8P9ESG/8r91SG 


DS1648/DS3648/DS1678/DS3678 


Typical Applications 


Addressing 16k RAM 2:1 Multiplexing of RAM Outputs 
ROW ADDRESS 


4MOS OUTPUTS 
(INVERTED) 


0S1648/ 
DS3648 
A/B SELECT 


COLUMN ADDRESS TL/F/7506-14 


TL/F/7506-12 


Refreshing Using TRI-STATE Counter 
TRI-STATE 
CONTROL 


OUTPUT 
Alt Al CONTROL 


A10 
ag 
AB 
Al 
AG 


AS Y4 
Aa 
A3 
A2 
Al 
AO 
OUTPUT 
Al CONTROL 
A2 
MOS RAM 


Y1 QUIRIN 

Ds2ee8 |, ee AL cl led aponces: 
MULTI- 

ps3678 PLEXING 


TRI-STATE 
CONTROL 


6-BIT 
TRI-STATE 
REFRESH 
COUNTER 


DS3676 


TL/F/7506-13 
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Za National 


Semiconductor 


DS1649/DS3649/DS1679/DS3679 Hex TRI-STATE® TTL 


to MOS Drivers 


General Description 


The DS1649/DS3649 and DS1679/DS3679 are Hex 
TRI-STATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to re- 
duce input currents allowing the large fan-out to these driv- 
ers needed in memory systems. The circuit has Schottky- 
clamped transistor logic for minimum propagation delay, 
and TRI-STATE outputs for bus operation. 


The DS1649/DS3649 has a 152, resistor in series with the 
outputs to dampen transients caused by the fast-switching 


Schematic Diagram 


EQUIVALENT INPUT 


INTERNAL 
Locic 


G 
CIRCUITRY 


*DS1649/DS3649 only 


Connection Diagram 


Dual-In-Line Package 


IN 6 OUTE (NS OUTS INé OUT4 


DIST (nt out1 IN2 OUT2 (N3 OUuT3 GND 


TL/F/7515-2 


Top View 


Order Number DS1649J, DS3649uJ, 
DS1679J, DS3679J, DS3649N or DS3679N 
See NS Package Number J16A or N16A 


output. The DS1679/DS3679 has a direct low impedance 
output for use with or without an external resistor. 


Features 
m High speed capabilities 
¢ Typ 9 ns driving 50 pF 
¢ Typ 30 ns driving 500 pF 
@ TRI-STATE outputs for data bussing 
8 Built-in 159 damping resistor (0S1649/DS3649) 
g@ Same pin-out as DM8096 and DM74366 


Truth Table 


EQUIVALENT OUTPUT 


15* QUuTPUT 
O 


X = Don’t care 
Hi-Z = TRI-STATE mode 


TL/F/7515-1 


Typical Application 


DS36149 


0S36179 
6-BIT RAM ADDRESS 


Mos 
ADDRESS ORIVER 


MM5270 
OR 
MMS5280 
MOS RAM 
0S3649 ARRAY 
OR 
083678 
6-BIT RAM 


Mos 
ADDRESS ORIVER 


DISABLE 


DS3646 

On “O” ADDRESS 

0S3676 "1" COUNTER 
COUNTER 
DRIVER 


ENABLE 


ADDRESS OR 


COUNT SELECT TL/F/7515-3 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 7.0V 


Operating Conditions 
Min Max 
Supply Voltage (Vcc 4.5 5.5 Vv 
Temperature (Ta) 
DS1649, DS1679 —55 +125 °C 


DS1649/DS3649/DS1679/DS3679 


DS3649, DS3679 0 +70 °C 


*Derate cavity package 9.1 mW/°C above 25°C; derate molded package 
10.2 mW/°C above 25°C, 


Logical ‘1” Input Voltage 7.0V 
Logical ‘O” Input Voltage —1.5V 
Storage Temperature Range —65°C to + 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1371 mW 
Molded Package 1280 mW 


Lead Temperature (Soldering, 10 sec.) 300°C 


Electrical Characteristics (Note 2 and 3) 


symbol | ___Parameter_—— | Concitions, | Min | Typ | Max | Units 
Viniy | Logical "1" Inputvotage | to | TV 
Viney | Logical“o" Inputvotage | Tf |v 
ling) | Logical “1” Inputurent_ | Voc=55V.Vw=s85v || ot | a0 | pa 
lnc) Voo = 5:5V, Vin = 0.5V |_| =s0 | -250| pa 
Vouame Voo = 4.V, in = =18 mA | | -075 | -12| v 
Vou | Logical “1” Output Voltage | Voo = 4.5V,lon= —10nA | DSte4g/pste79| 27 | 36 | | v 
ba | osasao/psse7o | 28 | 36 | 


VoL Logical “‘0” Output Voltage 
(No Load) 


Voc = 4.5V, lot = 10 pA’ 


J ostese/osie7s |_| 025 | 04 
| osseco/psse7a | | 025 | 0.35 | 
aa 


Logical “1”” Output Voltage 
(With Load) 


Voc = 4.5V, lon = -1.0mA | DS1649 


josieo | 25 | 35 | 
jossesa | 26 | 35 | 
jossere | 27 | 35 | 
josieso | | oe | tt 
josiea |_| 04 | 0s 
jossesa | | 06 | 10 
josse7a | | ot | 08 
Voc = 4.5V, Vout = OV (Note 4) | | 250 | | 
| | so | 


Logical “0” Output Voltage 
(With Load) 


Voc = 4.5V, lol = 20 mA 


</<i<[<f</<;j</<|</< 


Logical ‘‘1” Drive Current 


Logical ‘‘O” Drive Current Voc = 4.5V, Vout = 4.5V (Note 4) 
TRI-STATE Output Current | Vout = 0.4V to 2.4V, DIS1 or DIS2 = 2.0V }-4o{ | 40‘ 


Power Supply Current 





Voc = 5.5V | One DIS Input = 3.0V 42 75 
All Other Inputs = X 


jAllinputs=ov | Ett 0 
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Switching Characteristics (Vcc = 5v, Ta = 25°C) (Note 4) 


Symbol a ae eee ee Units 
Storage Delay Negative Edge (Figure 1) C, = 50 pF | | 45 | 7 | 
Jc =soopr | | 75 | 12 | 
Storage Delay Positive Edge (Figure 1) |c.=sopr | | 5 | 8 | 
| Bee ae eee ee 


Fall Time (Figure 1) 


Rise Time (Figure 1) 


6Z9ESC/6Z91S0/6P9ESG/6r91Sd 


Delay from Disable Input to Logical ‘‘0” CL = 50 pF 
Level (from High Impedance State) RL = 2kQ to Vcc (Figure 2) 


t2H Delay from Disable Input to Logical ‘1” CL = 50 pF 
Level (from High Impedance State) RL = 2k. to GND (Figure J 


{Lz Delay from Disable Input to High Impedance CL = 50 pF 25 
State (from Logical “0” Level) Ri = 4002 to Vcc (Figure 3) 

tuz Delay from Disable Input to High Impedance Cy = 50 pF 
State (from Logical 1” Level) R_ = 4002 to GND (Figure 3) 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS1649 and DS1679 and across the 0°C to 
+70°C range for the DS3649 and DS3679. All typical values are for Ta = 25°C and Vcc = SV. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: When measuring output drive current and switching response for the DS1679 and DS3679 a 152 resistor should be placed in series with each output. This 
resistor is internal to the DS1649/DS3649 and need not be added. 


AC Test Circuits and Switching Time Waveforms 


ts+,tst, tr, tr 
Voc 


PULSE 
GENERATOR O Vout 
(NOTE 1) 


OUTPUT 


Cy 
(NOTE 2) 
te 


= TL/F/7515-5 
TL/F/7515-4 
FIGURE 1 
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DS1649/DS3649/DS1679/DS3679 


AC Test Circuits 


Vec 


PULSE 
GENERATOR 
(NOTE 1) 


PULSE 
GENERATOR 
{NOTE 1) 


*Internal on DS1649 and DS3649 


tzy 


50 pF 
(NOTE 2) 


TL/F/7515~-6 


DISABLE 
INPUT 


2H 


OUTPUT 


FIGURE 2 


50 pF 
(NOTE 2) 


TL/F/7515-9 


DISABLE 
INPUT 


Vou 
OUTPUT 


and Switching Time Waveforms (continued) 


tzL 
Vec 


PULSE 
GENERATOR 
(NOTE 1) 


O Vout 


50 pF 


eo 


TL/F/7515~7 


TL/F/7515-8 


400 


PULSE 
GENERATOR 
(NOTE 1) 


O Vout 


50 pF 


T (NOTE 2) 


TL/F/7515~-10 


0.5V 


ie 


FIGURE 3 


TL/F/7515-11 


Note 1: The pulse generator has the following characteristics: Zoyy = 50 and PRR < 1 MHz. Rise and fall times between 10% and 90% points < 5 ns. 
Note 2: C, includes probe and jig capacitance. 
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ZA National 


Semiconductor 
DS1651/DS3651 


Quad High Speed MOS Sense Amplifiers 


General Description 

The DS1651/DS3651 is TTL compatible high speed circuits 
intended for sensing in a broad range of MOS memory sys- 
tem applications. Switching speeds have been enhanced 
over conventional sense amplifiers by application of 
Schottky technology, and TRI-STATE® strobing is incorpo- 
rated, offering a high impedance output state for bused or- 
ganization. ; 

The DS1651/DS3651 has active pull-up outputs and offers 
open collector outputs providing implied “AND” operations. 


Connection Diagram 


Dual-In-Line Package 
-INB +iNB = «QUTB VEE OUTO +IND -IND 


-INA +N A OUTA STB OUuTC +INC -INC Gno 
Top View TL/F/7528-1 


. Order Number DS1651J, DS3651J or DS3651N 
See NS Package Number J16A or N16A 


Typical Applications 


A Typical MOS Memory Sensing Application for a 4k word by 4-bit 
memory arrangement employing 1103 type memory devices 


1k WORD tk WORD 
MOS MEMORY MOS MEMORY 

tk WORD th WORD tk WORD 
MOS MEMORY MOS MEMOAY MOS MEMORY 

1k WORD 1k WORD 1k WORD 
MOS MEMORY MOS MEMORY MOS MEMORY 


1k WORD 
MOS MEMORY 


1k WORD 
MOS MEMORY 


1k WORD 1k WORD 
MOS MEMORY MOS MEMORY 


Note: Only 4 devices are required for a 4k word by 16-bit memory system. 


tk WORD 
MOS MEMORY 


1k WORD 
MOS MEMORY 

1k WORD 
MOS MEMORY 

1k WORD BIT 4 
MOS MEMORY 


Features 

m High speed 

m TTL compatible 

m Input sensitivity — +7 mV 

m TRI-STATE outputs for high speed buses 
m Standard supply voltages — +5V 

@ Pin and function compatible with MC3430 


Truth Table 


Vip = 7mV 
Ta = 0°C to +70°C 
-7mV < Vip < +7mvV 
Ta = O°Cto + 70°C 
Vip < -—7 mV 
Ta = O°C to +70°C 

L = Low logic state 

H = High logic state 


Open = TRI-STATE 
X = Indeterminate state 


DATA 


© DATA BIT 4 
200 ; 


DATA BIT 3 


O DATA BIT3 


DATA BIT2 


O DATA BIT 2 


DATA BIT1 | 
O 


O DATA BIT1 


| 
° | 
pear ee re ee 


TL/F/7528-2 
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DS1651/DS3651 


Absolute Maximum Ratings (note 1) Operating Conditions . 
if Military/Aerospace specified devices are required, a _ Min 
please contact the National Semiconductor Sales Supply Voltage (Vcc) ~ Lee 
Office/Distributors for availability and specifications. DS1651 45 
Power Supply Voltages DS3651 - 0: 4,75 

Voc +7Vpc Supply Voltage (Vee) 

VEE —7Vpc is. ««: DS 1651. pat AS 
Differential-Mode Input Signal Voltage DS3651 —4,75 

Range, Vipr =6 Vpc Operating Temperature (Ta) 
Common-Mode Input Voltage Range, Vicr t5Vpc DS1651 —55 
Strobe Input Voltage, Vis) 5.5 Vpc DS3651 ; 07 
Strobe Temperature Range —65°C to + 150°C Output Load Current, (lo.) 
Maximum Power Dissipation* at 25°C - Differential Mode Input 

Cavity Package , 1509mw ~~ _~—_-:-~- Voltage Range, (Vipr) 

Molded Package 1476 mW ‘Common-Mode Input 
Lead Temp. (Soldering, 10 seconds) 300°C Voltage Range, (Vicr) 
* Derate cavity package 10.1 mW/°C above 25°C; derate molded package Input Voltage Range (Any 

11.8 mW/°C above 25°C. Input to GND), (Vir) 


Electrical Characteristics 
Voc = 5 Voc, Vee = —5 Vpc, Min < Ta < Max, unless otherwise noted (Notes 2 and 3) . 


Symbol | Parameter ‘SSCs «dn | Te | | 


Input Sensitivity, (Note 5) Min < Voc < Max 
(Common-Mode Voltage Range) | Min = Veg = Max +7.0 
VICR = —8V < Vin < +3V) 
Input Offset Voltage eee ey ee ee ae 
Input Bias Current Voc = Max, Vee = Max *, | || 20 


a 
ViL(S) Strobe Input Voltage (Low State) eens) en (ee 
VIH(S) Strobe Input Voltage (High State) ree a ee | 


hs) Strobe Current (High State) Vin = 2.4V DS3651 


Vin = Voc 
Vin = 2.4V DS1651 


an oo eee ee 
tl bal 2) 
Vee = Min 
Output Voltage (Low State) Voc = Min, | lo = 16 mA fossest = || | as | 
vein | [estes [| [os | 
Output Current Short Circuit Me Se Vee = Max, jesteswossest | i] | —70| 
ote 


Output Disable Leakage Current | Voc = Max, Veg = Max | DS9651 > ae 
fosiess ||| 100 
High Logic Level Supply Current | Voc = Max, Veg = Max | | 48. | 
[eam ES 


High Logic Level Supply Current | Voc = Max, Ver = Max 
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Switching Characteristics Voc = 5Vpce, Vee = —5Vpc, Ta = 25°C unless otherwise noted. 


Conditions | Min | typ | Max_| 
tPHL(D) High-to-Low Logic Level Propagation 5 mV + Vis, DS1651/ 45 
Delay Time (Differential Inputs) (Figure 2) DS3651 
tPLH(0) Low-to-High Logic Level Propagation 5mV + Vis, DS1651/ 
Delay Time (Differential Inputs) (Figure J DS3651 
tpoH(s) TRI-STATE to High Logic Level (Figure 1) DS1651/ 
Propagation Delay Time (Strobe) DS3651 
tpHo(s) High Logic Level to TRI-STATE (Figure 1) DS1651/ 
Propagation Delay Time (Strobe) DS3651 
tpo“(s) TRI-STATE to Low Logic Level (Figure 1) DS1651/ 
Propagation Delay Time (Strobe) DS3651 
tpLoys) Low Logic Level to TRISTATE (Figure 1) DS1651/ 
Propagation Delay Time (Strobe) DS3651 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the device should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS3651 and across the — 55°C to + 125°C range for the 0S1651. 
All typical values are for Ta = 25°C, Voc = 5V and Veg = —S5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: A parameter which is of primary concern when designing with sense amplifiers is, what is the minimum differential input voltage required at the sense 
amplifier input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well known that design 
considerations of threshold voltage are plagued by input offset currents, blas currents, network source resistances, and voltage gain. As a design convenience, the 
DS1651 and DS3651 are specified to a parameter called input sensitivity (Vjs). This parameter takes into consideration input offset currents and bias currents, and 
guarantees a minimum input differiential voltage to cause a given output logic state with respect to a maximum source impedance of 200N at each input. 


Switching Time Waveform 


ral 


Note: Output of channel B shown under test, 
other channels are tested similarly. 


tpLos) Closed Closed 
trots) Closed Open 
tPHO(s) Closed Closed 
tpoH(s Open Closed 

C, includes jig and probe capacitance. 

Eij waveform characteristics: tr_y and try. < 10 ns measured 10% to 90% 

PRR = 1 MHz 

Duty cycle = 50% 
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LS9ESC/LSOLSG 





DS1651/DS3651 


AC Test Circuits 


tpLo(s) texas) 


VSS 


50% 


tpHO(S) 


Von — 0.5V 


= 15V 
TL/F/7528-4 TL/F/7528-5 


tpoL(s) tpoH(s) 


Ein 50% EIN 50% 
ov <a ov 

; tPOL(s) | ous) 

5V-VD1 Vou 

Eg 1.5V Eo 1.5V 

ee OV 


Vou 
TL/F/7528-6 TL/F/7528-7 


FIGURE 1. Strobe Propagation Delay tp, qs); trots)» tpHL(s) and tpoH(s) 


5V 
O 


~ j= 
ain 
YO O QO 


a 


DS1651/0S3651 


usd | 
2 


1N916 
OR EQUIV 


1 
rare) 
© 
O) 
O) 
O 
O 
O 
O 


TL/F/7528-10 
Note: Output of channel B shown under test, other channels are tested similarly. 
$1 at “B” for 0S1651/DS3651, C_ = 50 pF total for DS1651/DS3651 


Vrer t Vis 
m 


Ein waveform characteristics: TL/F/7528~11 


SmV : 
Ein 50% 
ov 
H(D) ‘PHL(D) 
Vou 
1.5V 

Von 
trLH and try, < 10 ns measured 10% to 90% 
PRR = 1 MHz, duty cycle = 500 ns 


FIGURE 2. Differential Input Propagation Delay tp_y(p) and tpHL(p) 
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Schematic Diagrams 


DS1651/DS3651 


hot 
ame 


Veco 


EE 


1/4 OF CIRCUIT SHOWN 


Typical Applications 


Level Detector with Hysteresis 


1/4 D$1651/DS3651 


TL/F/7528-15 
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TO OTHER 


- CIRCUITS 


TL/F/7528-12 


Transfer Characteristics 
and Equations for 
Level Detector with Hysteresis 


| | Meow] || [ice 
ea ere OO toe 


Vp (VOLTS) 


Vin (VOLTS) 
TL/F/7528-16 


R2 [Vormax) — Vreel 
Ri+ R2 


R2 [Vominy — Vrerl 
Ri + R2 


VHIGH = VReF + 


Viow = Vrer + 


Hysteresis Loop (V4) 


R2 
Vu = VuicH — Viow = Alt Re [Vo(max) — Vorminy] 





LS9ESG/LSOLSA 





’DS1651/DS3651 


Typical Applications (continued) 


4-Bit Parallel A/D Converter 


f 


os 
a 
5 

na 


i 


[ 


> 


TL/F/7528-14 


D=-A+BC+DOE+HH+)K+UM+NP+A) 8S) 


at = 6 + D)(F + J) (© +N) A) 
22 = (0 + J) (N) 
B= J 


Conversion time = 50 ns 





5-48 


ZA National 


Semiconductor “ 


DS16149/DS36149, DS16179/DS36179 Hex MOS Drivers 


General Description 


The DS16149/DS36149 and DS16179/DS36179 are Hex 
MOS drivers with outputs designed to drive large capacitive 
loads up to 500 pF associated with MOS memory systems. 
PNP input transistors are employed to reduce input currents 
allowing the large fan-out to these drivers needed in memo- 
ry systems. The circuit has Schottky-clamped transistor log- 
ic for minimum propagation delay, and a disable control that 
places the outputs in the logic ‘‘1" state (see truth table). 
This is especially useful in MOS RAM applications where a 
set of address lines has to be in the logic “1” state during 
refresh. 

The DS16149/DS36149 has a 15 2 resistor in series with 
the outputs to dampen transients caused by the fast-switch- 
ing output. The DS16179/DS36179 has a direct low imped- 
ance output for use with or without an external resistor. 


Schematic Diagram 


EQUIVALENT INPUT 


INTERNAL 
LOGIC 
CIRCUITRY 


Features 
m High speed capabilities. 
e Typ 9 ns driving 50 pF 
e Typ 29 ns driving 500 pF 
@ Built-in 15 M damping resistor (0DS16149/DS36149) 
g Same pin-out as DM8096 and DM74366 


TL/F/7553-1 
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6ZL9ESG/6P1L9ESG/6ZL91SG/6r191SG 


DS16149/DS16179/DS36149/DS36179 


Absolute Maximum Ratings (note 1) Operating Conditions 


if Military/Aerospace specified devices are required, Min Max . 
please contact the National Semiconductor Sales | Supply Voltage (Vcc) 45. 6.5°°*, 
Office/Distributors for availability and specifications. Temperature (Ta) 


Supply Voltage 7.0V . DS16149, DS16179 55 +125. 
Logical 1" Input Voltage 7,.0V DS36149,DS36179 +0 . +70 
Logical “0” Input Voltage —1.5V 

Storage Temperature Range —65°C to + 150°C 


Maximum Power Dissipation* at 25°C as. 
Cavity Package - . 13871 mW 
Molded Package “ 1280 mW 


Lead Temperature (Soldering 10 seconds) 300°C 


*Derate cavity package 9.1 mW/°C above 25°C; derate molded package 
10.2 m/W°C above 25°C. 


DC Electrical Characteristics votes 2 and 3) oe oe 


Symbol | ___Parameter_ | Conditions | Min'| Typ | Max | Units 
Vivtt) | Logical” input voltage | fo 
Vivo) | Logical“o” input Votage | oT | 
lnv(1) | Logical “1” inputCurrent_ | Voo= 5:5V,Vn=66V | ot | a0 
hn) __| Logical “o” inputCurrent_ | Voo= 5:5V,Vn=05v || = 50 | ~ 250 
Vo.ame | InputClamp Voltage | Voo=45ViIn=~-18mA || 0.75 | 1.2 | 


Vou Logical “1” Output Voltage Voc = 4.5V,loy = —10 pA DS16149/DS16179 p34] 43 || 
(No Load) pss6149/ps36179 | 35 | 43 | | 
Vo. | Logical“O” Output Voltage | y= asyio, = 10pa | DSter4o/pste17a |. | 025 | 04 
(No Load) | 7 ps36149/ps36179 || 0.25 | 0.35 | 
Vou | Logical “1” Output Voltage DS16149 f24{ 35 [| | 
rn oa oo ='48\. ign = -roma [Ostet7e 28 [3s | 
cco = 4.5V, lon = —1.0mA . 
| | ps36149 f2e{.35 | 
Logical “0” Output Voltage : DS16149 "3 Pe roe | 44 | 
Ct ns re osieie || oa | 0s 
a cc = 4.5V, lo. = 20 mA 
oseera || 8 | 0 
. DS36179 | | og 
Logical ‘‘1” Drive Current Voc = 4.5V, Vout = OV, (Note 4) | | 250 | 
Logical “0” Drive Current . | Voc = 4.5V, Vout = 4.5V, (Note 4) | | 150. | 
acs 


Power Supply Current . | Disable Inputs = OV 
All Other Inputs = 3V 


All Inputs = OV 


Switching Characteristics (vcc = 5V, Ts = 25°C) (Note 4). 


[Parameter ‘| __Gonditions ‘| Min | Typ _| 

Storage Delay Negative Edge (Figure 1) | co=50pF [| | 4s | 7 | 

[= s00er | | 7s | 2 | 

Storage Delay Positive Edge (Figure 1) | q=50pF | | 5 | 8 | 
G=s00pF | | 8 | 13 

Fall Time (Figure 1) | c=sopr | | 5 | 8 | 

[= s00er | | 2 | a5 | 
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Switching Characteristics (voc = 5V, Ta = 25°C) (Note 4) (Continued) 


Conditions | Min 


Rise Time (Figure 1) CL = 50 pF 


o.= soon [|e _| 


Delay from Disable Input RL = 2k2 to Gnd, 15 
to Logical ‘1” CL = 50 pF, (Figure 2) 


Delay from Disable Input RL =2kNtoVco, .... . 41 
to Logical “0” C_ = 50 pF, (Figure 3) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the 0S16149 and DS16179 and across the 0°C to 
+70°C range for the 0S36149 and 0S36179. All typical values are for Ta = 25°C and Voc = SV. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: When measuring output drive current and switching response for the 0S16179 and DS36179 a 15 2 resistor should be placed in series with each output. 
This resistor is internal to the 0S16149/DS36149 and need not be added. 


Connection Diagram Truth Table 


Dual In-Line Package 
Veo O1S2 ING OUTG INS OUTS IN4 OUT4 


X = Don't care 


DIS 1 IN1 out IN2 OUT 2 IN3  OUT3 GND 


TL/F/7553-2 
Top View 


Order Number DS16149J, DS36149J, DS16179J, 
DS36179J, DS36149N or DS36179N 
See NS Package Number J16A or N16A 


AC Test Circuits and Switching Time Waveforms 
ts+,ts+, tr, te , 


Vcc 
0.1 uF 


al 


PULSE | 
GENERATOR OVout - 
(NOTE 1) OUTPUT 


Cy : 
(NOTE 2) 


TL/F/7553-3 
FIGURE 1 
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DS16149/DS16179/DS36149/DS36179 


AC Test Circuits and Switching Time Waveforms (Continues 
tp = SRE Bees ‘LH : 


Voc 


“PULSE 
GENERATOR 
(NOTE 1) OUTPUT 
Vou 
50 pF 


(NOTE 2) T 


FIGURE 2 


3v 


Ov 
PULSE. 
GENERATOR : 
. (NOTE 1) iG Vou 


sor “ouTPUT 


i (NOTE 2) 


: FIGURE 3 
*Internal on DS16149 and DS36149 : 


TL/F/7553-4 


TL/F/7553-5 


Note 1: The pulse generator has the following characteristics: Zoyt = 50 N and PRR’< 1 MHz. Rise and fall times between 10% and 90% points < 5 ns. 


Note 2: C, includes probe and jig capacitance. 


Typical Applications 


DS36149 aac = ™ Ty 


OR 
0S36179 


B.BIT RAM Mos ADDRESS 
ADDRESS DRIVER LINES 


DISABLE .MM5270 
oR 
MM5280 
MOS RAM 


DS3649 ARRAY 





REFRESH & 


6-BIT RAM ADDRESS 


ADDRESS DRIVER 


DISABLE 


0S3646 


OR 
DS3676 “0” ADDRESS 
Mos "1" COUNTER 


CLOCK COUNTER 
ORIVER 


ENABLE 


ADDRESS OR 
COUNT SELECT 
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ZA National 


Semiconductor 


DS55325/DS75325 
Memory Drivers 


General Description 


The DS55325 and DS75325 are monolithic memory drivers 
which feature high current outputs as well as internal decod- 
ing of logic inputs. These circuits are designed for use with 
magnetic memories. 


The circuit contains two 600 mA sink-switch pairs and two 
600 mA source-switch pairs. Inputs A and B determine 
source selection while the source strobe (S1) allows the 
selected source turn on. In the same manner, inputs C and 
D determine sink selection while the sink strobe (S2) allows 
the selected sink turn on. 


Sink-output collectors feature an internal pull-up resistor in 
parallel with a clamping diode connected to Voce. This pro- 
tects the outputs from voltage surges associated with 
switching inductive loads. 

The source stage features Node R which allows extreme 
flexibility in source current selection by controlling the 
amount of base drive to each source transistor. This method 
of setting the base drive brings the power associated with 
the resistor outside the package thereby allowing the circuit 


Connection Diagram 


Dual-In-Line Package 


NODE 
R Rwr OD 


SOURCE W S1 
COLLECTORS ———— 
STROBES 


TL/F/9755-2 


Top View 


Order Number DS55325J, 
DS75325J or DS75325N 
See NS Package Number J14A or N14A 


to operate at higher source currents for a given junction 
temperature. If this method of source current setting is not 
desired, then Nodes R and Rint can be shorted externally, 
activating an internal resistor connected from Voce to Node 
R. This provides adequate base drive for source currents up 
to 375 mA with Vcc2 = 15V or 600 mA with Voce = 24V. 


The DS55325 operates over the fully military temperature 


range of —55°C to +125°C, while the DS75325 operates 
from 0°C to + 70°C, 


Features 

600 mA output capability 

24V output capability 

Dual sink and dual source outputs 
Fast switching times 

Source base drive externally adjustable 
Input clamping diodes 

TTL compatible 


Truth Table 


| Address inputs | Strobe inputs| ___Outputs_| 


ae 


OFF OFF|OFF OFF 


H = High Level, L = Low Level, X = Irrelevant 
Note: Not more than one output is to be on at any one time. 
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GZESZSG/ScESSSa 


DS55325/DS75325 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range , —65°C to + 150°C 
please contact the National Semiconductor Sales Lead Temperature 
Office/Distributors for availability and specifications. (Soldering, 10 seconds) 300°C 


Supply Voltage Vcc; (Note 5) 7V soe 
Supply Voltage Voce (Note 5) 25V Operating Conditions 
Input Voltage (Any Address or Strobe Input) 5.5V Min 


Maximum Power Dissipation* at 25°C Temperature (Ta) 
Cavity Package 1509 mW DS55325 —55 
Molded Package 1476 mW DS75325 


*Derate Cavity Package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C. . 


Electrical Characteristics (votes 2 and 3) 


Symbol 
ViH High Level Input Voltage _ (Figures 1 and 2) fae ae V 
VIL Low Level Input Voltage (Figures 3 and 4) ff} | os | Vv 


Vv Input Clamp Voltage 1 Voo1 = 4.5V, Voce = 24V, lin = -12 mA 17 Vv 
Ta = 25°C (Figure 5) ° 


Source Collectors Terminal | Voc1 = 4.5V, Voce = 24V | FullRange | ps55325| =| | 500 | 

“Off” State Current (Figure 1) DS75325 | fs 200 | 
Ta=25°c | pssss25| | 3 | 150 | 

| sie ps7ss25 | |_3_| 200 | 

Vou High Level Sink Output Voltage | Voc1 = 4.5V, Voce = 24V, lour = OmA (Figure) | 19 | 23 | | 


VSAT Saturation Voltage Source Voci = 4.5V, Voce = 15V, | Full Range ; 
Outputs Ru = 240, © pie 


= —600mA Sues 
Be petty [w= =e [sel Loa ar 


Saturation Voltage Voc1 = 4.5V, Voce = 15V, | Full Range 
Sink Outputs RL = 240, 


| | sink = 600 ma (Figure 4) |, = 26°c | psssses || 04a | 07 | 

4 3 (Notes 4 and 6) 'ps7ss25 | | 0.43 | 0.75 | 

Input Current at Maximum =| Voc = 5.5V, Voce = 24V, | Addressinputs | |] 

Input Voltage We Se Cane)”. _:| Giobe inputs = 7d) ise 

Voc1 = 5.5V, Voce = 24V, | Addressinputs | | 3 | 40 

: [Me 24v owes) [srobeinpus | | 6 _| 20 | 

Voc = 5.5V, Voce = 24V, | Addressinputs || —1 | -1.6 | 
WTO Cue?) | Stroboinputs | | 2 | - 92 

Icc OFF | Supply Current, All Sources _ Voc1 5.5V, Voce = 24V, a eee 
and Sinks “Off” Ta = 25°C (Figures) [Voorn | S| 78 | 20 


loci Supply Current from Vcc, Voc1 = 5.5V, Voce = 24V, Isink = 50 mA, 
Either Sink “On” Ta = 25°C (Figure 7) are 


55 70 
loce Supply Current from Veco, Voci = 5.5V, Voce = 24V, lsournce = —50mA 92 
Either Source “On” Ta = 25°C (Figure 8) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range”’ 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. : 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS55325 and across the 0°C to + 70°C range for 
the DS75325. All typical values are at Ta = 25°C. : , , 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: Only one output at a time should be shorted. 
Note 5: Voltage values are with respect to network ground terminal. 
Note 6: These parameters must be measured using pulse techniques. tw = 200 ps, duty cycle <2%. 
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Switching Characteristics Vcc; = 5v, T, = 25°C 


Voce = 15V, RL = 2429, | Source Collectors 

G,, = 25 pF (Figure 9) Sink Outputs 
Voce = 15V, RL = 24, | Source Collectors 

GL. 26 pF (Figure 2) Sink Outputs 


Transition Time, C. = 25 pF Source Outputs, Voce = 20V, 
Low-to-High Level Output RL = 1k (Figure 10) 
. Sink Outputs, Voce = 15V, 
R. = 240 (Figure 9) 
Transition Time, Cy = 25 pF Source Outputs, Voce = 20V, 
High-to-Low Level Output Ri = 1 kf (Figure 10) 
Sink Outputs, Voce = 15V, 
Ri = 240 (Figure 9) 


Storage Time, Sink Outputs | Voce = 15V, RL = 240, Cy = 25 pF (Figure 9) 


ScESZSQ/Sz2esssa 


DC Test Circuits 


Voc2 ' 


' 
SOURCE 4 
COLLECTORS 4 





TL/F/9755-3 


FIGURE 1. lorr 
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DS55325/DS75325 


DC Test Circuits (Continued) 


Voca ' 


' 
SOURCE 5 
COLLECTORS 4 


Test Table 


pc |p |sei| v | z | 
av | 4sv | end | Vou | OPEN | 

Vou_| OPEN, 
4sv | av | GND| OPEN| Vou _ 


4sv ano] av [OPEN] Vou _ 


(SEE 
TEST 
TABLE) 


TL/F/9755-4 
FIGURE 2. Viy and Von 


’ 

SOURCE 4 

- COLLECTORS 4 
Test Table 


(SEE 
TEST 


ash foav| 4sv[oav| eno [ open 
/4sv| ov [oav[oPen| GNo_ 





TL/F/9755-5 
Note 1: Figure 3 and 4 parameters must be measured using pulse techniques, ty = 200 ps, duty cycle <2%. 


FIGURE 3. Vj_ and Source Vsar 
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DC Test Circuits (Continued) 


SZESZSA/S2ESSSG 


TL/F/9755-6 


Note 1: Figure 3 and 4 parameters must be measured using pulse techniques, tw = 200 ys, duty cycle <2%. 
Test Table 


FIGURE 4. Vj_ and Sink Vsar 





5-57 


DS55325/DS75325 


DC Test Circuits (Continued) 


ty tie 


jem se 
$1 
A,B 
S1 
c,D 


Apply V; = 5.5V 
Measure |; 


Apply V; = 2.4V 
Measure Iq 


C 






(SEE. 
TEST 
TABLE) 


A, C, $2, D 


A, $1, B, D 


B, C, S2, D 


ee A,S1,B 
ee ee 










wee eqg 


Voc2 ' 


' 

SOURCE 4 
COLLECTORS 4 
O OPEN 


O OPEN 


5.5V = 
(4.5V FOR 
TESTING V,) 
TL/F/9755-7 


Test Tables 
Vo tie 






Apply V; = 0.4V 
Measure Ij, 





Apply 5.5V 
Apply |; = —10mA 
' Measure V| 











$1, B,C, S2, D 


pA .c82,0 | 
St, 
a ee 
fe ee 








A, S1, B, $2, D 
A, $1, B,C, D 
A,S1,B,C, $2 


FIGURE 5. Vj, |), ty and tip 
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DC Test Circuits (Continueg) 
24V 
1 | caver 






Vec2 ' 


' 
SOURCE 4 
COLLECTORS 4 
© OPEN 


O OPEN 


5.5V a 


TL/F/9755-8 
FIGURE 6. Ioc4 (OFF) aNd Iec2 (OFF) 
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DS55325/DS75325 


DC Test Circuits (Continued) 


Vec2 ‘ 


' 
SOURCE j 
COLLECTORS 4 


GND 


fe 


[-8v_| GND | GN | OPEN | sink 


FIGURE 7. Iccy, Either Sink On 
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TL/F/9755-9 





DC Test Circuits (continued) 


| leca 


@egeowwn2q 


Voc2 ' 


" 
SOURCE 4 
COLLECTORS 4 


SZESZSG/SZ2ESSSG 


TL/F/9755-10 


FIGURE 8. Icco2, Either Source On 
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DS55325/DS75325 


DC Test Circuits (Continued) 


SOURCE 


COLLECTORS 


PULSE 
GENERATOR 
(NOTE 1) 


O OUTPUT V 


O OUTPUT Z 


Note 1: The pulse generator has the following characteristics: Zour = 500, duty cycle <1%. 
Note 2: C,_ includes probe and jig capacitance. 


Voltage Waveforms 


OUTPUT 


TL/F/9755-12 
Test Table 


Output Under Test | input | Connect to 5V 
tpLy and tpyy, Source Collectors Aand $1 B, C, Dand S2 
B and $1 A, C, D and S2 


tpLH: tpHL, Sink Output Y Cand S2 A, B, Dand $1 
trun trHL and ts | sink Output Z | Dands2 | A,B, Candst 


FIGURE 9. Switching Times 
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DC Test Circuits (Continuea) 


Vec2 1 
t 

SOURCE 4 
COLLECTORS 4 


PULSE 
GENERATOR 
(NOTE 1) 


Note 1: The pulse generator has the following characteristics: Zour = 50M, duty cycle < 1%. 
Note 2: C, includes probe and jig capacitance. 


Voltage Waveforms 


Vou 
OUTPUT 


Vo. 
TL/F/9755-14 
Test Table 


. Output Under Test | input | Connect to 5V 
tTLH and trHL Source Output W Aand $1 B, C, D and S2 





Source Output X A, C, D and $2 


FIGURE 10. Transition Times of Source Outputs 
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OUTPUT 


TL/F/9755-13 
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DS55325/DS75325 


Schematic Diagram 


Yee1 0 


r SOURCE 
ADDRESS AO - COLLECTORS 
O OUTPUT W 


— ce che 


ONODER 


O OUTPUT X 


ia O OUTPUT Y 


ADDRESS C © 


STROBE S2 © 


O OUTPUT Z 


ADDRESS D © Te 


TL/F/9755~1 
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Applications 


EXTERNAL RESISTOR CALCULATION 

A typical magnetic-memory word drive requirementis shown 
in Figure 717. A source-output transistor of one DS75325 
delivers load current (IL). The sink-output transistor of an- 
other DS75325 sinks this current. 


The value of the external pull-up resistor (Reyt) for a particu- 


lar memory application may be determined using the follow- 


ing equation: 

_ __16 [Voca(min) — Vs = 2.2] (1) 
IL —1.6 [Veca(min) — Vs — 2.9] 

where: Reyt is in KO, 

Voca(Min) is the lowest expected value of Voce in volts, Vs 

is the source output voltage in volts with respect to ground, 

IL is in mA. 

The power dissipated in resistor Reyt during the oad current 

pulse duration is Pa using Equation 2. 


Rext 


Proxt = <= * IVecattin) ~ Vs — 2] (2) 


where: Proext is in i 


ONE 
DS55325/ 
DS75325 
SOURCE 


r 
i) 
‘ 
t 
4 
‘ 
i) 
e 


ONE 
0S55325/ 
DS75325 
SINK 


peereeen_a 


Note 1: For clarity, partial logic diagrams of two DS55325s are shown. 
Note 2: Source and sink shown are in different packages. 


After solving for Rext, the magnitude of the source collector 
current (Ics) is determined from Equation 3. 


log ~ 0.94 IL (3) 
where: Igg is in mA. 
As an example, let Vec2(Min) = 20V and V_ = 3V while IL 
of 500 mA flows. Using Equation 1: 


ae 16 (20 — 3 — 2.2) 
ext "500 — 1.6 (20 — 3 — 2.9) 
and from Equation 2: 


= 0.5 kn 


500.__ 
PRext ~ => 5 [20 ~ 3-2] = 470mw 


The amount ‘of ae memory system current source (Ics) 
from Equation 3 is: 

Ios ~ 0.94 (500) = 470 mA 
In this example the regulated source-output transistor base 


current through the external pull-up resistor (Rext) and the 


source gate is approximately 30 mA. This current and Ics 
comprise I. 


Voce 
() 


MEMORY 
ELEMENT 


TL/F/9755-15 


FIGURE 11. Typical Application Data 
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DS75361 


ZA National 


Semiconductor 


DS75361 Dual TTL-to-MOS Driver 


General Description 


The DS75361 is a monolithic integrated dual TTL-to-MOS 
driver interface circuit. The device accepts standard TTL 
input signals and provides high-current and high-voltage 
output levels for driving MOS circuits. It is used to drive 
address, control, and timing inputs for several types of MOS 
RAMs including the 1103 and MM5270 and MM5280. 

The DS75361 operates from standard TTL ‘5V supplies and 
the MOS Vss supply in many applications. The device has 
been optimized for operation with Voce supply voltage from 
16V to 20V; however, it is designed for use over a much 
wider range of Vcco. 


Schematic and Connection Diagrams 


(1/2 shown) 


Vec1 


TO OTHER 
DAIVER 


INPUTA 


ENABLE E 


TO OTHER 
DRIVERS 


Features 

m@ Capable of driving high-capacitance loads 

= Compatible with many popular MOS RAMs 

@ Vcco supply voltage variable over wide range to 24V 
m Diode-clamped inputs 

@ TTL compatible 

m@ Operates from standard bipolar and MOS supplies 

g High-speed switching 

m@ Transient overdrive minimizes power dissipation 

@ Low standby power dissipation 


Dual-In-Line Package 
Veer Y1 Y2 Vec2 


OUTPUT Y 


E A2 GND 
TL/F/7557-1 
Top View 


Order Number DS75361J or DS75361N 
See NS Package Number JO8A or NO8E 


TL/F/7557-3 
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Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. | 


Supply Voltage Range of Vcc; (Note 1) —0.5 to 7V 
Supply Voltage Range of Vcce —0.5V to 25V 
Input Voltage 5.5V 
Inter-Input Voltage (Note 4) 5.5V 
Storage Temperature Range 

Maximum Power Dissipation* at 25°C 


Molded Package 1022 mW 


Electrical Characteristics (Notes 2 and 3) 


Symbol 
Vin High-Level Input Voltage 


Vi___| Low-Levelingutvolage | 


Vi Input Clamp Voltage l) = —12mA 


VOH High-Level Output Voltage Vit = 0.8V, lon = —50 pA 
Vit = 0.8V, low = —10mA Voce — 2.3 | Voce — 1.8 


Vin = 2V, lot = 10 mA 


Voce = 15V to 24V, Vin, = 2V, 


Low-Level Output Voltage 





lo. = 40 mA 


Output Clamp Voltage Vi = OV, lon = 20 mA 
Input Current at Maximum V, = 5.5V ; 
Input Voltage 

Low-Level Input Current Vy = 0.4V 


High-Level Input Current 


Supply Current from Vcoc1, Both 
Outputs High 


IoC1(H) 


Voci = 5.25V, 
Supply Current from Voce, Both | All Inputs at OV, 
Outputs High 


Ioc2(H) 


Supply Current from Voc1, Both 
Outputs Low Voor = 5.25V, 


Supply Current from Vcc2, Both | All Inputs at 5V, 
Outputs Low 
lccas) | Supply Current from Vcco, Voci = OV, 
Stand-by Condition All Inputs at 5V, 


Ioc1(L) 


Icc2(L) 


—65°C to + 150°C 


Conditions 


A Inputs 





Lead Temperature 1/16 inch from Case for 
60 Seconds: J Package 
Lead Temperature 1/16 inch from Case for 


10 Seconds: N or P Package 
*Derate molded package 8.2 mW/° above about 25°C. 


Operating Conditions 
Min 
Supply Voltage (Vcc1) 4.75 
Supply Voltage (Voc2) 4.75 
Operating Temperature (Ta) 0 
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2 
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0.15 
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Voce = 24V, 
No Load 
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Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS75361. All typical values are for Ta = 25°C and Voc, = 5V and 


Voce = 20V. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 


as max or min on absolute value basis. 


Note 4: This rating applies between the A input of either driver and the common E input. 
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DS75361 


Switching Characteristics voc; = 5V, Voce = 20V, Ta = 25°C 


Conditions | Min | Typ | Max_| 
Delay Time, Low-to-High Level Output . fd Sent ae poe ll 
Delay Time, High-to-Low Level Output 


AC Test Circuit and Switching Time Waveforms 


INPUT BV 20V 


PULSE 
GENERATOR 
(NOTE 1) 


TL/F/7557-—4 


QUTPUT 


Vor 
TL/F/7557-5 


Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zour = 500. 
Note 2: C, includes probe and jig capacitance. 


FIGURE 1. Switching Times, Each Driver 
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Typical Performance Characteristics 


HIGH-LEVEL OUTPUT VOLTAGE (V) 


TOTAL POWER DISSIPATION (mW) 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT (ns) 


-0.5 


High-Level Output Voltage vs 


Output Current 


LEN 
Pr UU Ut 
Bia, '@ 
SAI 


Voor = 5V 


Vec2 =20V 
Vv, = 0.8V I 

















0.01 = -0.1 


1000 
900 
800 


HIGH-LEVEL OUTPUT CURRENT (mA) 


Total Dissipation (Both Drivers) 


vs Frequency 


Veoy = 8V 

Veco * 20V 

INPUT: 3V SQUARE WAVE 
{50% DUTY CYCLE) 


700 FT 


FREQUENCY (MHz) 


Propagation Delay Time, 
Low-to-High Level Output 
vs Veco Supply Voltage 


ee 
i a 
peter 


Veer * 5V 
Rp = 102 
Ta = 25°C 


(FIGURE 1) ee ee 





8 12. 18 20 «(24 


SUPPLY VOLTAGE (V) 


LOW-LEVEL OUTPUT VOLTAGE (Vv) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL OUTPUT (ns) LOW-TO-HIGH-LEVEL OUTPUT (ns} 


PROPAGATION DELAY TIME 
HIGH-TO-LOW-LEVEL OUTPUT (ns) 


Low-Level Output Voltage vs 


Output Current 


LOW-LEVEL OUTPUT CURRENT (mA) 


Propagation Delay Time, 
Low-to-High Level! Output 
vs Ambient Temperature 


Eoistnelea 


Pa ia ed Gc el Fel GR IR 


10 20 30 40 50 60 70 80. 
AMBIENT TEMPERATURE (°C) 


Propagation Delay Time, 
High-to-Low Level Output 
vs Vec2 Supply Voltage 

Vecy = 5V 

Ro = 1082 

Ta = 25°C 

(FIGURE 1) 


SUPPLY VOLTAGE (V) 


Propagation Delay Time, 
High-to-Low Level Output © 
vs Load Capacitance 


Vec1 * 5V 


(FIGURE 1) 


100 200 300 400 500 600 
~ LOAD CAPACITANCE (pF) 
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PROPAGATION DELAY TIME, : 
OUTPUT VOLTAGE (V) 


HIGH-TO-LOW-LEVEL OUTPUT (ns) 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL OUTPUT (ns) 


Voltage Transfer 
Characteristics 


Voor = 5V 
Vec2 =20V 
NO LOAD 
Ta" 28C 





0 05 { 
INPUT VOLTAGE (V) 


Propagation Delay Time, 
High-to-Low Level Output 
vs Ambient Temperature 


CECT rea 


elected atlas 


Go 10 20 30 40 50 60 70 89 
AMBIENT TEMPERATURE (°C) 


Propagation Delay Time, 
Low-to-High Level Output 
vs Load Capacitance 

Veer = 5V 

Vec2 =20V 

Ta = 25°C 

(FIGURE 1) 


200 300 400 500 600 
LOAD CAPACITANCE (pF) 


TL/F/7557-2 
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DS75361 


Typical Applications 


The fast switching speeds of this device may produce unde- 
sirable output transient overshoot because of load or wiring 
inductance. A small series damping resistor may be used to 
reduce or eliminate this output transient overshoot. The 


.5V 19.5V 16.7V 


SILICON 


Veer Vec2 
A Y 


PRECHARGE 


ue 1103 RAM 


INPUTS 


DS75361 
(2 PACKAGES) y 


ADORESS INPUTS 


E READAVRITE 
cnn Voo 


Vece 


<oeecsee < < 


GND 


{5 PACKAGES) 


optimum value of the damping resistor to use depends on 
the specific load characteristics and switching speed. A typi- 
cal value would be between 1020 and 302 (Figure 3). 


[ osvs36r ~] i= mos | 


SYSTEM 


Dr 


TTL be 


INPUTS 
TL/F/7557~7 
E Note: Rp ~ 102 to 30 (Optional). 
FIGURE 3. Use of Damping 
Resistor to Reduce or Eliminate 
Output Transient Overshoot in 
Certain DS75361 Applications 


Veer 
A 


DS75361 


TL/F/7557-6 


FIGURE 2. Interconnection of DS75361 Devices with 1103 RAM 


Thermal Information . 
POWER DISSIPATION PRECAUTIONS 


Significant power may be dissipated in the DS75361 driver 
when charging and discharging high-capacitance loads over 
a wide voltage range at high frequencies. The total dissipa- 
tion curve shows the power dissipated in a typical DS75361 
as a function of load capacitance and frequency. Average 
power dissipated by this driver can be broken into three 
components: 


Priav) = Pooavy + Peavy + Psyav) 
where Ppcyay) is the steady-state power dissipation with the 
output high or low, Poyavy is the power level during charging 
or discharging of the load capacitance, and Pgyay) is the 
power dissipation during switching between the low and 
high levels. None of these include energy penererens to the 
load and all are averaged over a full cycle. 


The power components per driver channel are: 
“Pett + PHty 
Poc(Av) = eee ae 
C Vc? f 


“Prutty + Purt 
Peay ct be HLtHL 


Poiav) ~ 


where the times are defined in Figure 4. 


P_, Py, PL, and Py, are the respective instantaneous lev- 
els of power dissipation and C is load capacitance. 


The DS75361 is so designed that Ps is a negligible portion 
of Py in most applications. Except at very high frequencies, 
tL + ty > tLy + ty, so that Pg can be neglected. The total 
dissipation curve for no load demonstrates this point. The 
power dissipation contributions from both channels are then 
added together to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume both channels are operating identically 
with C = 200 pF, f = 2 MHz, Voc1 = 5V, Voce = 20V, and 
duty cycle = 60% outputs high (ty/T = 0.6). Also, assume 
VoH = 19.3V, VoL = 0.1V, Ps is negligible, and that the 
current from Vcco is negligible when the output is high. 

On a per-channel basis using data sheet values: 


am) + (20V) (° 


2 
Pooiay) = | ew ( om) Jos +: 


lew (==) + (20V) (7 7m) (0.4) 
2 2 

Pocyav) = 47 mW per channel , 
Poiav) ~ (200 pF) (19.2V)2 (2 MHz) 
Poiav) = 148 mW per channel. 

For the total device dissipation of the two channels: 
Priav) ~ 2 (47 + 148) 
Pav) ~ 390 mW typical for total package. 


TL/F/7557-8 


FIGURE 4. Output Voltage Waveform 
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44 National 


Semiconductor 


DS75365 Quad TTL-to-MOS Driver 


General Description 


The DS75365 is a quad monolithic integrated TTL-to-MOS 
driver and interface circuit that accepts standard TTL input 
signals and provides high-current and high-voltage output 
levels suitable for driving MOS circuits. It is used to drive 
address, control, and timing inputs for several types of MOS 
RAMs including the 1103. 

The DS75365 operates from the TTL 5V supply and the 
MOS Vgg and Veg supplies in many applications. This de- 
vice has been optimized for operation with Voce supply volt- 
age from 16V to 20V, and with nominal Voc3 supply voltage 
from 3V to 4V higher than Voce. However, it is designed so 
as to be usable over a much wider range of Voce and Vcc3. 
In some applications the Voc3 power supply can be elimi- 
nated by connecting the Vcc3 to the Voce pin. 


Features 

@ Quad positive-logic NAND TTL-to-MOS driver 

a Versatile interface: circuit for use between TTL and 
high-current, high-voltage systems 


Schematic and Connection Diagrams 


Veer Veca Vec2 
O O 


TO OTHER 
DRIVERS 


ENABLE E1 © 


ENABLE E2 © 


TO OTHER 
ORIVERS 


ONE OF 4SHOWN 


u Capable of driving high-capacitance loads 

m Compatible with many popular MOS RAMs 

m Interchangeable with Intel 3207 

B® Vcce supply voltage variable over side range to 24V 
maximum 

@ Vcc3 supply voltage pin available 

® Vcc3 pin can be connected to Vcco pin in some 
applications 

m TTL compatible diode-clamped inputs 

g@ Operates from standard bipolar and MOS supply 
voltages 

™ Two common enable inputs per gate-pair 

@ High-speed switching 

g@ Transient overdrive minimizes power dissipation 

Low standby power dissipation 


Dual-In-Line Package 


1E1 1E2 Y2 GND 


TL/F/7560-2 
Top View 
Positive Logic: Y = AeE1°E2 


Order Number DS75365J, DS75365N or 
DS75365WM 
See NS Package Number J16A, M16B or N16A 


TL/F/7560~-1 
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DS75365 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage Range of Voc —0.5V to 7V 
Supply Voltage Range of Voce —0.5V to 25V 
Supply Voltage Range of Voc3 —0.5V to 30V 
nput Voltage " §.5V 
Inter-Input Voltage (Note 4) : 5.5V 
Storage Temperature Range ~~ =65°C to + 150°C 
Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package 1476 mW 

SO Package 1488 mW 
Lead Temperature (Soldering, 10 sec) 300°C 


* Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C, derate SO package 11.9 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 ana 3) 


Symbol Parameter 


Vin High-Level Input Voltage 
Vit Low-Level Input Voltage 


Vi 


loca) | Supply Current from Veco, 
, All Outputs High 
loca) {Supply Current from Vocs, 
All Outputs High 


Input Clamp Voltage I 


Operating Conditions 


Min Max: 


Supply Voltage (Vec1) 4.75 5,25 
Supply Voltage (Voce) 4.75 24 
Supply Voltage (Vcc3) Veco 28 
Voltage Difference Between 0 10 
Supply Voltages: Voc3-Vcce 

Operating Ambient Temperature 70 


Range (Ta) 


High-Level Output Voltage|Vocs = Voce + 3V, ViL = 0.8V, lo = — 100 pA 





Output Clamp Voltage. | V; = OV, low = 20mA 


Input Current at Maximum |V; = 5.5V 
Input Voltage 


Voos = Voce + 3V, Vit = 0.8V, lon = — 10mA 
Vocs = "Voce Vit = 9-8V, low = = 50. 4A 


Voo3 = Veca, Vit = 0.8V, lon = — 10mA 


Low-Level Output Voltage |Viq = 2V, lo. = 10 mA | 
Voc3 = 15V to 28V, Viq = 2V, lo, = 40 mA 


0.15 


High-Level Input Curent. [Vi = 24V Ainputs | to 
Evande2inouts | | 8 


ee ee ae 


Low-Level Input Current |V, = 0.4V A Inputs 
E1 and E2 Inputs ee ae ae ee 


Ioc1(H) {Supply Current from Voc1,|Voc1. = 5.25V, Voce = 24V 
All Outputs High 


Voc3 = 28V, All Inputs at OV, No Load 


loc1(L) | Supply Current from Voc7,)Vcoc1 = 5.25V, Voce = 24V 


Icca(Ly | Supply Current from Veco, 
All Outputs Low 

IccaiL) | Supply Current from Vccs. 
All Outputs Low 


All Outputs Low 


Icc2(H) | Supply Current from Voce,|Voc1 = 5.25V, Voce = 24V 
All Outputs High 


Voc3 = 24V, All Inputs at OV, No Load 


lcca(H) | Supply Current from Vocs, 


All Outputs High 
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Voc3 = 28V, All Inputs at 5V, No Load 





| | 22 | +025 | 
erie ee ee 





Electrical Characteristics (Notes 2, 3) (Continued) : 


| Parameter | Conditions, | Min | Typ | Max | units 


Ioc2(s) Supply Current from Voce, | Voc1 = OV, Vece = 24V 
Stand-By Condition Vec3 = 24V, All Inputs at 5V, No Load 
Icc3(s) Supply Current from Voc, 
Stand-By Condition 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 


they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. : 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C range for the DS75365. All typical values are for Ta = 25°C and Vcc; = 5V and 
Voc2 = 20V and Voc = 24V. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: This rating applies between any two inputs of any one of the gates. 


Switching Characteristics Voc; = 5V, Voce = 20V, Veg = 24V, Ta = 25°C 


Delay Time, Low-to-High Level Output 
Delay Time, High-to-Low Level Output ; 


Transition Time, Low-to-High Level Output 
Transition Time, High-to-Low Level Output 
Propagation Delay Time, Low-to-High Level Output 





Propagation Delay Time, High-to-Low Level Output 


AC Test Circuit and Switching Time Waveforms 


“INPUT 5V 24V 20V <10 ns 
|_I_] : 3v 


| Voce1 Vee Vec2 | 


PULSE 


GENERATOR 
(NOTE 1) OUTPUT 


Cy 


Ra 2) 


Vox 
TL/F/7560-3 


OUTPUT 


Vou 
: : TL/F/7560-4 
Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zour = 58. 


Note 2: C, includes probe and jig capacitance. 
FIGURE 1. Switching Times, Each Driver 
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DS75365 


Typical Performance Characteristics 


High-Level Output Voltage vs High-Level Output Voltage vs Low-Level Output Voltage 
Output Current Output Current Output Current 


ee EU TU 
mao 
Ht 


0 


Bilin 
lt 


Veer = BV 
Voce * 20V 
Voces * 24¥ 
V, = 0.8V 


HIGH-LEVEL OUTPUT VOLTAGE {V) 
HIGH-LEVEL OUTPUT VOLTAGE (V) 
LOW-LEVEL OUTPUT VOLTAGE (Vv) 


-3.0 : 
“001 8 =-01 40 60 100 


HIGH-LEVEL OUTPUT CURRENT (mA) HIGH-LEVEL OUTPUT CURRENT (mA) _ LOW-LEVEL OUTPUT CURRENT (mA) 
TL/F/7560-5 


Propagation Delay Time, 
Voltage Transfer Total Dissipation (All Four Low-to-High Level Output - 


’ Characteristics Drivers) vs Frequency ‘ vs Ambient Temperature 
24 1000 


900 
800 
700 
600 
500 
400 
300 
200 


OUTPUT VOLTAGE (V) 
TOTAL DISSIPATION (mW) - 
PROPAGATION DELAY TIME, 
LOW-TO-HIGH LEVEL OUTPUT (ns) 





0 
01 02 04 071 2 


INPUT VOLTAGE (V) FREQUENCY (MHz) AMBIENT TEMPERATURE ( C) 


Propagation Delay Time, Propagation Delay Time, 7 Propagation Delay Time, 
High-to-Low Level Output Low-to-High Level Output vs High-to-Low Level Output 
vs Ambient Temperature - Vece Supply Voltage vs Voce Supply Voltage 


See Cae 


Vecs = Vec2 + 4V 
Ro = 2582 
Ta = 25°C 
{FIGURE 1) : (FIGURE 1) 


: PROPAGATION DELAY TIME, 

_ HIGH-TO-LOW LEVEL OUTPUT (ns) 
PROPAGATION DELAY TIME, 
LOW-TO-HIGH LEVEL OUTPUT (ns) 
PROPAGATION DELAY TIME, 
HIGH-TO-LOW LEVEL OUTPUT (ns) 


10 20 30 40 50 60 70 80 16 20 
AMBIENT TEMPERATURE ("C) ~ ‘ SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (¥) 


Propagation Delay Time, Propagation Delay Time, 
Low-to-High Level Output vs High-to-Low Level Output vs 
Load Capacitance Load Capacitance 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW LEVEL OUTPUT (ns) 


PROPAGATION DELAY TIME, 
LOW-TO-HIGH LEVEL OUTPUT (ns) 


§0 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) 


TL/F/7560-6 
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FIGURE 2. Interconnection of DS75365 Devices 
with 1103-Type Silicon-Gate MOS RAM 


Typical Applications 
The fast switching speeds of this device may produce unde- 
sirable output transient overshoot because of load or wiring 
inductance. A small series damping resistor may be used to 
reduce or eliminate this output transient overshoot. The op- 
timum value of the damping resistor depends on the specific 
load characteristics and switching speed. A typical value 
would be between 1020 and 30N (Figure = 

[mos Mos 


[~ “os DS75365_ ~] 
eT 


Ot 
eae Le 


Note: Rp = 102 to 3020 (Optional) 
TL/F/7560-8 
FIGURE 3. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot in Certain 
DS75365 Applications 


Thermal Information 


POWER DISSIPATION PRECAUTIONS 


Significant power may be dissipated in the DS75365 driver 
when charging and discharging high-capacitance loads over 
a wide voltage range at high frequencies. The total dissipa- 
tion curve shows the power dissipated in a typical DS75365 
as a function of load capacitance and frequency. Average 
power dissipation by this driver can be broken into three 
components: 


Pav) = Pociavy + Pojavy + Psiavy 
where Ppcyav) is the steady-state power dissipation with the 
output high or low, Peay) is the power level during charging 
or discharging of the load capacitance, and Psayy is the 
power dissipation during switching between the low and 
high levels. None of these include energy transferred to the 
load and all are averaged over a full cycle. 


tai 


The power components per driver channel! are: 


Pitt + PHty 
Ppociav) = — 
Poav) = cvcet 
p — Pudtty + PHetHe 
Say) = 


where the times are as defined in Figure 4. 


PL, Pu, PLH, and Py. are the respective instantaneous lev- 
els of power dissipation and C is load capacitance. 

The DS75365 is so designed that Pg is a negligible portion 
of Py in most applications. Except at very high frequencies, 
tL + ty > tty + tyL so that Pg can be neglected. The total 
dissipation curve for no load demonstrates this point. The 
power dissipation contributions from all four channels are 
then added together to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume all four channels are operating identical- 
ly with C = 100 pF, f = 2 MHz, Vcc1 = 5V, Voce = 20V, 
Voc3 = 24V and duty cycle = 60% outputs high 
(ty/T = 0.6). Also, assume VoH = 20V, Vo_ = 0.1V, Ps is 
negligible, and that the current from Vcco is negligible when 
the output is low. 


On a per-channel basis using data sheet values: 


Pooay) = -[ev(* Amt) + (20V) (224) + (24V) 


(2) (0.6) + [ew (“) ‘ 


(20V) (o™*) + (24V) (S*)| (0.4) 


Ppcav) = 58 mW per channel 
Poyav) = (100 pF) (19.9V)2 (2 MHz) 
Po(av) = 79 mW per channel. 








For the total device dissipation of the four channels: 
Pav) = 4 (58 +79) , 
Pray) = 548 mW typical for total package. 
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FIGURE 4. Output Voltage Waveform 
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Applying Modern Clock 
Drivers to MOS Memories 


INTRODUCTION 


MOS memories present unique system and circuit chal- 
lenges to the engineer since they require precise timing of 
input waveforms. Since these inputs present large capaci- 
tive loads to drive circuits, it is often that timing problems 
are not discovered until an entire system is constructed. 
This paper covers the practical aspects of using modern 
clock drivers in MOS memory systems. Information includes 
selection of packages and heat sinks, power dissipation, 
rise and fall time considerations, power supply decoupling, 
system clock line ringing and crosstalk, input coupling tech- 
niques, and example calculations. Applications covered in- 
clude driving various types shift registers and RAMs (Ran- 
dom Access Memories) using logical control as well as oth- 
er techniques to assure correct non-overlap of timing wave- 
forms. 

Although the information given is generally applicable to any 
type of driver, monolithic integrated .circuit drivers, the 
DS0025, DS0026 and DS0056 are selected as examples 
because of their low cost. 


The DS0025 was the first monolithic clock driver. It is in- 


tended for applications up to one megacycle where low cost 
is of prime concern. Table | illustrates its performance while 
Appendix | describes its circuit operation. Its monolithic, 
rather than hybrid or module construction, was made possi- 
ble by a new high voltage gold doped process utilizing. a 
collector sinker to minimize VceE sat. 


National Semiconductor 
Application Note 76 

B. Siegel 

M. Scott 


The DS0026 is a high speed, low cost, monolithic clock driv- 
er intended for applications above one megacycle. Table II 
illustrates its performance characteristics while its unique 
circuit design is presented in Appendix Il. The DSO056 is a 
variation of the DS0026 circuit which allows the system de- 
signer to modify the output performance of the circuit. The 
DS0056 can be connected (using a second power supply) 
to increase the positive output voltage level and reduce the 
effect of cross coupling capacitance between the clock 
lines in the system. Of course the above are just examples 
of the many different types that. are commercially. available. 
Other National Semiconductor MOS interface circuits are 
listed in Appendix lI. ae Et bie 2 

The following section will hopefully allow the design engi- 
neer to select and apply the best circuit to his particular. 
application while avoiding common system problems... : 


PRACTICAL ASPECTS OF USING 

MOS CLOCK DRIVERS 

Package and Heat Sink Selection 

Package type should be selected on power handling capa- 
bility, standard size, ease of handling, availability of sockets, 
ease or type of heat sinking required, reliability and cost. 
Power handling capability for various packages is illustrated 
in Table Ill. The following guidelines are recommended: 


TABLE I. DS0025 Characteristics 


Conditions (vt —V-)=17V_| Value | Units 


ee ee 


ton 


Positive Output Voltage Swing Vin — V7 = OV, lout = —1mA — 
Negative Output Voltage Swing lin = 10 mA, lout = 1mMA 


an eee eee ee 
On Supply Current (V+) lin = 10mA 


V 
V . 
mA 


TABLE II. DS0026 Characteristics a0 


Conditions (V+ ~V~ 


= 17V 
| 75 | ns 


Soa 


We 


RO = 502, C, = 1000 pF 


ee 


fe ee 
Positive Output Voltage Swing - Vin - V7 = OV, lout = -1 mA 
; Vv 


Negative Output Voltage Swing . lin = 10 mA, loyt = 1 mA 
On Supply Current (V+) lin = 10mA 





V- + 0.5 


howe 
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The TO-5 ("H”) package is rated at 750 mW still air (derate 
at 200°C/W above 25°C) soldered to PC board. This popular 
cavity package is recommended for small systems. Low 
cost (about 10 cents) clip-on heat sink increases driving ca- 
pability by 50%. 

The 8-pin (“N”) molded mini-DIP is rated at 600 mW still air 
(derate at 90°C/W above 25°C soldered to PC board (derate 
at 1.39W). Constructed with a special copper lead frame, 
this package is recommended for medium size commercial 
systems particularly where automatic insertion is used. 
(Please note for prototype work, that this package is only 
rated at 600 mW when mounted in a socket and not one 
watt until it is soldered down.) 

The TO-8 ("'G”) package is rated at 1.5W still air (derate at 
100°C/W above 25°C) and 2.3W with clip-on heat sink 
(Wakefield type 215-1.9 or equivalent—derate at 15 mW/ 
°C). Selected for its power handling capability and moderate 
cost, this hermetic package will drive very large systems at 
the lowest cost per bit. 

Power Dissipation Considerations 

The amount of registers that can be driven by a given clock 
driver is usually limited first by internal power dissipation. 
There are four factors: 


1. Package and heat sink selection 
2. Average dc power, Poc 

3. Average ac power, Pac 

4, Numbers of drivers per package, n 


From the package heat sink, and maximum ambient temper- 
ature one can determine Pyyax, which is the maximum inter- 
nal power a device can handle and still operate reliably. The 
total average power dissipated in a driver is the sum of dc 
power and ac power in each driver times the number of 
drivers. The total of which must be less than the package 
power rating. 


Ppiss = n X (Pac + Ppc) S Péax (1) 
Average dc power has three components: input power, 
power in the “OFF” state (MOS logic ‘‘0”) and power in the 
“ON” state (MOS logic ‘1”’). 
Poc = Pin + Porr + Pon (2) 
For most types of clock drivers, the first two terms are negli- 
gible (less than 10 mW) and may be ignored. 


Thus: 
(V+ —V-)2 


x 
Req 0 


Poc = Pon = 
where: 
V+ — V- = Total voltage across the driver 


Req = Equivalent device resistance in the 


“ON” state 
= Vt — V—/Iscon) 
Duty Cycle 
as “ON” Time 
“ON” Time + “OFF” Time 


For the DS0025, Req is typically 1 kN while Req is typically 
6002 for the DS0026. Graphical solutions for Poco appear in 
Figure 1. For example if V+ = +5V, V- = —12V, Req = 
5000, and DC = 25%, then Pog = 145 mW. However, if 
the duty cycle was only 5%, Pog = 29 mW. Thus to maxi- 
mize the number of registers that can be driven by a given 
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clock driver as well as minimizing average system power, 
the minimum allowable clock pulse width should be used for 
the particular type of MOS register. 


225 
200 
175 
150 
125 


POWER DISSIPATION (mW) 


—— REO= 500 
oman —— REQ= tk 
0 
0 10 20 30 40 
DUTY CYCLE (%) 


TL/F/7322-1 
FIGURE 1. Ppc vs Duty Cycle 


In addition to Ppc, the power driving a capacitive load is 
given approximately by: 
Pac = (V+ —V-)2X# XC, (4) 
where: 
f = Operating frequency 
CL Load capacitance 


Graphical solutions for Pac are illustrated in Figure 2. Thus, 
any type of clock driver will dissipate internally 290 mW per 
MHz per thousand pF of load. At 5 MHz, this would be 1.5W 
for a 1000 pF load. For long shift register applications, the 
driver with the highest package power rating will drive the 
largest number of bits. 


ve FY 
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WHAT | 
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POWER DISSIPATION (mW) 





FIGURE 2. Pac vs PRF 


Combining equations (1), (2), (3) and (4) yields a criterion for 
the maximum load capacitance which can be driven by a 
given driver: 


1 PMAX eo) 
< - | _——____. 
AS ; (Vt —V-)2 Req ") 
As an example, the DSOO25CN can dissipate 890 mW at 
Ta = 70°C when soldered to a printed circuit board. Req is 
approximately equal to 1k. For V+. = 5V, V- = ~—12V, 
f = 1 MHz, and de = 20%, C; is: 


1 eee xX 10-3) _ 0.2 | 
106 (2)(17)2 1 xX 103 
Ci < 1340 pF (each driver) 


CL<=— 
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A typical application might involve driving an MM5013 triple 
64-bit shift register with the DS0025. Using the conditions 
above and the clock line capacitance of the MM5013 of 
60 pF, a single DS0025 can drive 1340 prreo pF, or ap- 
proximately 20 MM5013’s. 


In summary, the maximum capacitive load. that any clock 
driver can drive is determined by package type and rating, 
heat sink technique, maximum system ambient tempera- 
ture, ac power (which depends on frequency, voltage 
across the device, and capacitive load) and dc power (which 
is principally determined by duty cycle). 

Rise and Fall Time Considerations 


In general rise and fall times are determined by (a) clock 
driver design, (b) reflected effects of heavy external load, 
and (C) peak transient current available. Details of these are 
included in Appendixes | and II. Figures Al/-3, Al-4, All-2 and 
Alll-3 illustrate performance under various operating condi- 
tions. Under light loads, performance is determined by inter- 
nal design of the driver; for moderate loads, by load C. be- 
ing reflected (usually as C_,g) into the driver; and for large 
loads by peak output current where: 


AV _ lout PEAK 
AT CL 


Logic rise and fall times must be known in order to assure 
non-overlap of system timing. 

Note the definition of rise and fall times in this application 
note follow the convention that rise time is the transition 
from logic “0” to logic “1” levels and vice versa for fall 
times. Since MOS logic is inverted from normal TTL, “‘rise 
time” as used in this note is “voltage fall” and “fall time’ is 
“voltage rise”. 


Power Supply Decoupling 7 


Although power supply decoupling is a wide spread and ac- 
cepted practice, the question often rises as to how much 
and how often. Our own experience indicates that each 
clock driver should have at least 0.1 »F decoupling to 
ground at the V+ and V~- supply leads. Capacitors should 
be located as close as is physically possible to each driver. 
Capacitors should be non-inductive ceramic discs. This de- 
coupling is necessary because currents in the order of 0.5 
to 1.5 amperes flow during logic transitions. 


There is a high current transient (as high as 1.5A) during the 
output transition from high to low through the V— lead. If the 
external interconnecting wire from the driving circuit to the 
— lead is electrically long or has significant de resistance, 
the current transient will appear as negative feedback and 
subtract from the switching response. To minimize this ef- 
fect, short interconnecting wires are necessary and high fre- 
quency power supply decoupling capacitors are required if 
— is different from the ground of the driving circuit. 


Clock Line Overshoot and Cross Talk — 


Overshoot: The output waveform of a clock driver can, and 
often does, overshoot. It is particularly evident on faster 
drivers. The overshoot is due to the finite inductance of the 
clock lines. Since most MOS registers require that clock 
signals not exceed Vss, some method must be found in 
large systems to eliminate overshoot. A straightforward ap- 
proach is shown in Figure 3. In this instance, a small damp- 
ing resistor is inserted between the output of the clock driv- 
er and the load. The critical value for Rs is given by: 


_ 2. [is | 
Rs = 2. C. | | (6) 
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-12V 
TL/F/7322-3 
FIGURE 3. Use of Damping Resistor to 
Eliminate Clock Overshoot — 


In practice, analytical determination of the value for Rg is 
rather difficult. However, Rg is readily determined empirical- 
ly, and typical values range in value between 10 and 500. . 


Use of the damping resistor has the added benefit of essen- 
tially unloading the clock driver; hence a greater number of 
loads may often be driven by a given driver. In the limit, 
however, the maximum value that may be used for Rg will 
be determined by the maximum allowable rise and fall time 
needed to assure proper operation of the MOS register. In 
short: 


tr(MAX) = tMAX) S 2.2 Rg CL (7) 
One last word of caution with regard to use of a damping 
resistor should be mentioned. The power dissipated in Rg 
can approach (V+ — V—)? fC, and accordingly the resistor 
wattage rating may be in excess of 1W. There are, obvious- 
ly, applications where degradation of t, and t by use of 
damping resistors cannot be tolerated. Figure 4 shows a 
practical circuit which will limit overshoot to a diode drop. 
The clamp network should physically be located in the cen- 
ter of the distributed load in order to minimize inductance 
between the Sg and registers. 





TL/F/7922-4 
FIGURE 4. Use of High Speed Clamp to 
Limit Clock Overshoot 





Cross Talk: Voltage spikes from 1, may be transmitted to 


2 (and vice versa) during the transition of 6; to MOS logic. 


1". The spike is due to mutual capacitance between clock 
lines and is, in general, aggravated by long clock lines when 
numerous registers are being driven. Figure 5 illustrates the 
problem. 


-12V 


TL/F/7322-5 
FIGURE 5. Clock Line Cross Talk 
The negative going transition of 64 (to MOS logic ‘‘1”) is 
capacitively coupled via Cry to do. Obviously, the larger Cy 
is, the larger the spike. Prior to }4's transition, Q1 is “OFF” 
since only uA are drawn from the device. 


The DS0056 connected as shown in Figure 6 will minimize 
the effect of cross talk. The external resistors to the higher 
power supply pull base of a Q1 up to a higher level and 
forward bias the collector base junction of Q1. In this bias 
condition the output impedance of the DSO056 is very low 
and will reduce the amplitude of the spikes. 


+5V +8V +8V 
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FIGURE 6. Use of DS0056 to Minimize 
Clock Line Cross Talk 
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Input Capacitive Coupling 


Generally, MOS shift registers are powered from +5V and 
—12V supplies. A level shift from the TTL levels (+5V) to 
MOS levels (—12V) is therefore required. The level shift 
could be made utilizing a PNP transistor or zener diode. The 
disadvantage to dc level shifting is the increased power dis- 
sipation and propagation delay in the level shifting device. 
Both the DS0025, DS0026 and DS0056 utilize input capaci- 
tors when level shifting from TTL to negative MOS capaci- 
tors. Not only do the capacitors perform the level shift func- 
tion without inherent delay and power dissipation, but as will 
be shown later, the capacitors also enhance the perform- 
ance of these circuits. 


CONCLUSION 

The practical aspects of driving MOS memories with low 
cost clock drivers has been discussed in detail. When the 
design guide lines set forth in this paper are followed and 
reasonable care is taken in circuit layout, the DS0025, 
DS0026 and DSO056 provide superior performance for 
most MOS input interface applications. 
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APPENDIX | 


DS0025 Circuit Operation 


The schematic diagram of the DS0025 is shown in Figure 7. 
With the TTL driver in the logic “0” state Q1 is “OFF” and 
Q2 is “ON” and the output is at approximately one Vee 
below the V+ supply. 


v 
TL/F/7322~7 
FIGURE 7. DS0025 Schematic (One-Half Circuit) 
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When the output of the TTL driver goes high, current is sup- 
plied to the base of Q1, through Cj, turning it “ON.” As the 
collector of Q1 goes negative, Q2 turns “OFF.” Diode CR2 
assures turn-on of Q1 prior to Q2’s turn-off minimizing cur- 
rent spiking on the V+ line, as well as providing a low im- 
pedance path around Q2’s base emitter junction. 

The negative voltage transition (to MOS logic ‘1") will be 
quite linear since the capacitive load will force Q1 into its 
linear region until the load is discharged and Q1 saturates. 
Turn-off begins when the input current decays to zero or the 
output of the TTL driver goes low. Q1 turns “OFF” and Q2 
turns. “ON” charging the load to within a Vge of the Vt 
supply. 

Rise Time Considerations 

The logic rise time (voltage fall) of the DS0025 is primarily a 
function of the ac load, C,, the available input current and 
total voltage swing. As shown in Figure 8, the input current 


yt 


TL/F/7322-8 
FIGURE 8. Rise Time Model for the DS0025 


must charge the Miller capacitance of Q1, Cyc, as well as 
supply sufficient base drive to Q1 to discharge C,_ rapidly. 
By inspection: 

lin = Iq + te + Ii (Al-1) 


lin = I + lp, forty > I_y andly > Iry 


AV 
Ip = lin — CtcTr (Al-2) 


If the current through R2 is ignored, 
Ic = Ip heeai = IL + Im 
where: 


(Al-3) 


AV 
IL = Ot 


Combining equations Al-1, Al-2, and Al-3 yields: 


AV 
x [CL + Ctc (hea: + 1)] = hreai lin 


[CL + (hFeqi + 1)Ctc] AV 


th = 
hreeai lin 
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Equation (Al-5) may be used to predict t; as a function of C, 
and AV. Values for Cro and hee are 10 pF and 25 pF re- 
spectively. For example, if a DM7440 with peak output cur- 
rent of 50 mA were used to drive a DS0025 loaded with 
1000 pF, rise times of: 


(1000 pF + 250 pF) (17V) 
(50 mA) (20) 


or 21 ns may be expected for V+ —12V. 


= 5.0V,V- = 


Figure 9 gives rise time for various values of C_. 


32 


~ tere TTD 
oe || | Dee 


20 


. RISE TIME, t, (ns) 


LOAD CAPACITANCE, C, (pF) 
TL/F/7322-9 


FIGURE 9. Rise Time vs C,_ for the bs0025 
Fall Time Considerations 


The MOS logic fall time (voltage rise) of the DS0025 is dic- 
tated by the load, C,, and the output capacitance of Q1. The 
fall time equivalent circuit of DS0025 may be approximated 


vt 


| lave 
£02 
TL/F/7322-10 


FIGURE 10. Fall Time Equivalent Circuit 


with the circuit of Figure 70. In actual practice, the base 
drive to Q2 drops as the output voltage rises toward V+. A 
rounding of the waveform occurs as the output voltage 
reaches to within a volt of V+. The result is that equation 
{Al-7) predicts conservative values of t; for the output volt- 
age at the beginning of the voltage rise and optimistic val- 
ues at the end. Figure 17 shows t; as function of C_. 
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FIGURE 11. DS0025 Fall Time vs Ci 





Assuming hep is a constant of the total transition: 


(Se) 
AV _ 2R2 


At Croai + C/hrEqi +1 


) (Al-7) 


ts = 2R2 (crear + 


hFEQ+1 
DS0025 Input Drive Requirements 

Since the DS0025 is generally capacitively coupled at the 
input, the device is sensitive to current not input voltage. 
The current required by the input is in the 50-60 mA region. 
It is therefore a good idea to drive the DS0025 from TTL line 
drivers, such as the DM7440 or DM8830. It is possible to 
drive the DS0025 from standard 54/74 series gates or flip- 
flops but toy and t, will be somewhat degraded. 

Input Capacitor Selection 

The DS0025 may be operated in either the logically con- 
trolled mode (pulse width out = pulse width in) or Cjj may 
be used to set the output pulse width. In the latter mode a 
long pulse is supplied. to the DS0025. 


TURN-OFF OF Q1 


| 
TL/F/7322~12 
FIGURE 12. DS0025 Input Current Waveform 


The input current is of the general shape as shown in Figure 
12. Imax is the peak current delivered by the TTL driver into 
a short circuit (typically 50-60 mA). Q1 will begin to turn-off 
when liq decays below Vge/R1 or about 2.5 mA. In general: 
lin = Imax e—'/RO Cin (AI-8) 
where: 
RO = Output impedance of the TTL driver 


Cin = Input coupling capacitor 
ead _ _ VBE Pt 
Substituting lin = IMin = Rr and solving for ty yields: 


IMAX 
ty = ROCy In—— 
IMIN (Al-9) 
The total pulse width must include rise and fall time consid- 
erations. Therefore, the total expression for pulse width be- 
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The logic ‘‘1” output impedance of the DM7440 is approxi- 
mately 652 and the peak current (jax) is about 50 mA. 
The pulse width for Cjy = 2,200 pF is: 


_ 25ns + 150ns 


tpy = ; + (652) (2200 pF) In 


50 mA 

o5mA 517 ns 
A plot of pulse width for various types of drivers is shown in 
Figure 13. For applications in which the output pulse width is 
logically controlled, C)y should be chosen 2 to 3 times larg- 
er than the maximum pulse width dictated by equation 
(Al-10). 
DC Coupled Operation 


The DS0025 may be direct-coupled in applications when 
level shifting to a positive value only. For example, the 
MM1103 RAM typically operates between ground and 
+20V. The DS0025 is shown in Figure 74 driving the ad- 
dress or precharge line in the logically controlled mode. 


lf DC operation to a negative level is desired, a level transla- 
tor such as the DS7800 or DH0034 may be employed as 
shown in Figure 15. Finally, the level shift may be accom- 
plished using PNP transistors are shown in Figure 76. 


OUTPUT PULSE WIDTH VS.C,, FOR LONG 
INPUT PULSES. 
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TL/F/7322-13 
FIGURE 13. Output PW Controlled by Ciy 
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FIGURE 14. DC Coupled DS0025 Driving 1103 RAM 
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FIGURE 15. DC Coupled Clock Driver Using DH0034 
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FIGURE 16. Transistor Coupled DS0025 Clock Driver 


APPENDIX II 
DS0026 Circuit Operation 


The schematic of the DS0026 is shown in Figure 17. The 
device is typically AC coupled on the input and responds to 
input current as does the DS0025. Internal current gain al- 
lows the device to be driven by standard TTL gates and flip- 
flops. 


With the TTL input in the low state Q1, Q4, Q5, and Q6 are 
“OFF” allowing Q7 and Q8 to come “ON.” R9 assures that 
the output will pull up to within a Vge of Vt volts. When the 
TTL input starts toward logic “1,” current is supplied via Ciy 
to the bases of Q5 and Q6 turning them “ON.” Simulta- 
neously, Q7 and Q8 are snapped ‘“‘OFF.” As the input volt- 
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TO MOS SHIFT 
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age rises (to about 1.2V), Q1 and Q4 turn-on. Multiple emit- 
ter transistor Q1 provides additional base drive to Q5 and 
Q6 assuring their complete and rapid turn-on. Since Q7 and 
Q8 were rapidly turned “OFF” minimal power supply current 
spiking will occur when Q9 comes “ON.” 


ceca 
it Cin 


INPUT 


TL/F/7322-17 
FIGURE 17. DS0026 Schematic (One-Half Circuit) 





Q4 now provides sufficient base drive to Q9 to turn it “ON.” 
The load capacitance is then rapidly discharged toward V-. 
Diodes D6 and D7 prevent avalanching Q7's and Q8’s 
base-emitter junction as the collectors of Q5 and Q6 go 
negative. The output of the DS0026 continues negative 
stopping about 0.5V more positive than V-. 


When the TTL input returns to logic ‘'0,” the input voltage to 
the DS0026 goes negative by an amount proportional to the 
charge on Cy. Transistors Q2 and Q3 turn-on, pulling 
stored base charge out of Q4 and Q9 assuring their rapid 
turn-off. With Q1, Q5, Q6 and Q9 “OFF,” Darlington con- 
nected Q7 and Q8 turn-on and eapily aia the load to 
within a Vee of Vt. 


Rise Time Considerations 


Predicting the MOS logic rise time (oiled fall) of the 
DS0026 is considerably involved, but a reasonable approxi- 
mation may be made by utilizing equation tag 5), which re- 
duces to: 

= [C, + 250 x 10-12] AV 
For CL = sacs pF, V+ = 5.0V,V- = 


(All-1) 
—12V, t- = 21 ns. 


Figure 18 shows DS0026 tise times vs C,. 


25 - 
ERARERABERRE 
BREREREERBRE 
FLT Leer 


Deana 


Tar 
PA TT 
A || 


CET Tate 
COCs 


0 200 400 600 800 1000 1200 
LOAD CAPACITANCE (pF) 


RISE TIME (ns) — Note 3 





TL/F/7322-18 
FIGURE 18. Rise Time vs Load Capacitance 
Fall Time Considerations 
The MOS logic fall time of the DS0026 is determined primar- 
ily by the capacitance Miller capacitance of Q5 and Q1 and 
R5. The fall time may be predicted by: 


Cr 
ty = (2.2)(R5) (cs ar =<) 


CL 
= (4.4 X 103) (cs are os] 


where: 
Cg = Capacitance to ground seen at the base of Q3 
2 pF 
(hFeq3 + 1) (hFEQ4 + 1) 
500 


For the values given and C, = 1000 oF, te = 17.5 ns. 
Figure 79. gives t; for various values of C,. 


hee? = 
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FIGURE 19. Fall Time vs Load Capacitance 

DS0026 Input Drive Requirements 
The DS0026 was designed to be driven by standard 54/74 
elements. The device’s input characteristics are shown in 
Figure 20. There is breakpoint at Vij = 0.6V which corre- 
sponds to turn-on of Q1 and Q2. The input current then 
rises with a slope of about 600N (R2 || R3) until a second 
breakpoint at approximately 1.2V is encountered, corre- 
sponding to the turn-on of Q5 and Q6. The slope at this 
point is about 150 (R1 || R2 || R3 [| R4). 
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TL/F/79322-20 
FIGURE 20. Input Current vs Input Voltage 


The current demanded by the input is in the 5-10 mA re- 
gion. A standard 54/74 gate can source currents in excess 
of 20 mA into 1.2V. Obviously, the minimum “1” output volt- 
age of 2.5V under these conditions cannot be maintained. 
This means that a 54/74 element must be dedicated to driv- 
ing 1/2 of a DS0026. As far as the DS0026 is concerned, 
the current is the determining turn-on mechanism not the 
voltage output level of the 54/74 gate. 


Input Capacitor Selection 


A major difference between the DS0025 and DS0026 is that 
the DS0026 requires that the output pulse width be logically 
controlled. In short, the input pulse width = output pulse 
width. Selection of Cjy boils down to choosing a capacitor 
small enough to assure the capacitor takes on nearly full 
charge, but large enough so that the input current does not 
drop below a minimum level to keep the DS0026 ‘‘ON.” As 
before: 


IMAX 


t) = ROCn! 
1 IN!) MIN 


(All-3) 


(All-4) 
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In this case RO.equals the sum of the TTL gate output im- 
pedance plus the input impedance of the DS0026 (about 
1500). Imin from Figure 27 is about 1 mA. A standard 54/74 
series gate has a high state output impedance of about 
150 in the logic ‘‘1” state and an output (short circuit) 
current of about 20 mA into 1.2V. For an output pulse width 
of 500 ns, 
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FIGURE 21. Logical ‘‘1” Output Voltage 
vs Source Current 


1/2 DM7400 


In actual practice it’s a good idea to use values of about 
twice those predicted by equation (All-4) in order to account 
for manufacturing tolerances in the gate, DS0026 and tem- 
perature variations. 

A plot of optimum value for Cjy vs desired output pulse 
width is shown in Figure 22.. 
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FIGURE 22. Suggested Input Capacitance vs 
Output Pulse Width 
DC Coupled Applications 


The DS0026 may be applied in direct coupled applications. 
Figure 23 shows the device driving address or pre-charge 
lines on an MM1103 RAM. 
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FIGURE 23. DC Coupled RAM Memory Address or 
Precharge Driver (Positive Supply Only) 


For applications requiring a dc level shift, the circuits of Figure 24 or 25 are recommended. 


FIGURE 24. Transistor Coupled MOS Clock Driver 
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FIGURE 25. DC Coupled MOS Clock Driver 


APPENDIX II 
MOS Interface Circuits 
MOS Clock Drivers 


MHO0007 _— Direct coupled, single phase, TTL compatible 
clock driver. 


Two phase, direct or ac coupled clock driver. 


10 MHz, single phase direct coupled clock driv- 
er. 


Two phase, ac coupled clock driver. 

Low cost, two phase clock driver. 

Low cost, two phase, high speed clock driver. 
Quad MOS clock driver. 

DS75361 Dual TTL-to-MOS driver. 

DS75365 Quad TTL-to-MOS driver. 

MOS RAM Memory Address and Precharge Drivers 
DS0025C Dual address and precharge driver. 

DS0026C Dual high speed address and precharge driver. 
TTL to MOS Interface 


DH0034 Dual high speed TTL to negative level convert- 
er. 


MHO0009 
MHO0012 


MH0013 
DS0025C 
DS0026C 
DS3674 
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DS8800 
DS88L12 


Dual TTL to negative level converter. 


Active pull-up TTL to positive high level 
MOS converter gates. 


Quad TRI-STATE® MOS driver I/O regis- 
ter. 


DS3648/DS3678 TRI-STATE MOS driver multiplexer. 
DS3649/DS3679 Hex TRI-STATE MOS driver. 


DS36149/ Hex TRI-STATE MOS driver. 
DS36179 


MOS to TTL Converters and Sense Amps 
DS75107, Dual sense amp for MM1103 1k MOS 
Voltage Regulators for MOS Systems 


LM309, LM340 __—s— Positive regulators. 
Series 


LM320 Series 
LM325 Series 


DS3647A 


Negative regulators. 
Dual + regulators. 
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Microprocessor Support 
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Microprocessor Support—Introduction 

Microprocessor Support—Selection Guide 

DP8212/DP8212M 8-Bit Input/Output Ports 
DP8216/DP8216M/DP8226/DP8226M 4-Bit Bidirectional Bus Transceivers 
DP8224 Clock Generator and Driver 
DP8228/DP8228M/DP8238/DP8238M System Controller and Bus Driver 





ZA National 


Semiconductor 


Microprocessor Support 


yoddns sossad01doJ9 IN 


National offers a selection of high quality circuits designed ler, |/O port and databus transceivers, all of which make it 
specifically to interface with, and support, the very popular easy to add microprocessor capability to any system design. 
8-bit 8080A microprocessor. National’s family of 8080A sup- For further information on these devices, refer to the en- 
port circuits includes clock/generator driver, system control- closed selection guide. 


National’s 8080A Support Circuits 


Sen, a ae 
01 &02 CLOCKS 


DPB224 CONTROL SIGNALS 


CLOCK (RESET & READY) 
GENERATOR 


~ 8080A 
& DRIVER MICROPROCESSOR 


HOLD (SYSTEM 
DMA REQUIRED) 


1/0 PORT 
DP8212/ 
DP8212M 
CONTROL SIGNALS 
(WR, DBIN, & HLDS) 
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DP8228/ | BUFFERS/ } PARALLEL 
DP8238 Ss. DECODERS « § 1/0 
SYSTEM tregecces INTERFACE 
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BUS (16) 





CONTROL (5) SERIAL 


1/0 
DATA BUS (8) INTERFACE 
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Microprocessor Support Circuits 


ZA National 


Semiconductor 


Microprocessor Support Circuits 


Temperature Range 


—55°C to + 125°C 


DP8212M 
DP8216M 
DP8226M 


DP8228M 
DP8238M 


DP7304B 


DP7308 
MM54C373 
MM54C374 
MM54C922 
MM54C923 
DM54LS373 
DM54LS374 


0°C to + 70°C 


DP8212 
DP8216 
DP8226 
DP8224 
DP8228 
DP8238 
DP8303A 
DP8304B 
DP8307A 


~ DP8308 


MM74C373 
MM74C374 
MM74C922 
MM74C923 
DM74LS373 
DM74LS374 


8080 General - Description Page 
CPU Purpose P Number 


8-Bit I/O Port 


4-Bit Parallel Receiver/Driver 


Clock Generator/Driver 
System Controller/Bus Driver 


8-Bit 48 mA Bus Transceiver 
8-Bit 48 mA Bus Transceiver 
8-Bit 48 mA Bus Transceiver 
8-Bit 48 mA Bus Transceiver 
Octal D-Type Latch 

Octal D-Type Flip-Flop 

16-Key Encoder , 

20-Key Encoder 

Octal Transparent D Latch 

Octal Edge-Triggered D Flip-Flop 





National 


Semiconductor 


DP8212/DP8212M 8-Bit Input/Output Port 


General Description 


The DP8212/DP8212M is an 8-bit input/output port con- 
tained in a standard 24-pin dual-in-line package. The device, 
which is fabricated using Schottky Bipolar technology, is 
part of National Semiconductor's 8080A support family. The 
DP8212/DP8212M can be used to implement latches, gat- 
ed buffers, or multiplexers. Thus, all of the major peripheral 
and input/output functions of a microcomputer system can 
be implemented with this device. 

The DP8212/DP8212M includes an §8-bit latch with 
TRI-STATE® output buffers, and device selection and con- 
trol logic. Also included is a service request flip-flop for the 
generation and control of interrupts to the microprocessor. 


W21Lc8dd/el28dd 


Features 

a 8-Bit data latch and buffer 

m Service request flip-flop for generation and control of 
interrupts 

@ 0.25 mA input load current 

m TRI-STATE TTL output drive capability 

m Outputs sink 15 mA 

@ Asynchronous latch clear 

m 3.65V output for direct interface to INS8080A 

mw Reduces system package count by replacing buffers, 
latches, and multiplexers in microcomputer systems 


8080A Microcomputer Family Block Diagram 
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DP8212/DP8212M 


Absolute Maximum Ratings Operating Conditions 


If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 
Office/Distributors for avallability and specifications. DP8212M 4.50 5.50 Voc 


Storage Temperature —65°C to + 160°C DRo2\2 ae 9.26 Voc 


ad od = _ Operating Temperaure (Ta) : 
All Output or Supply Voltages 0.5V to +7V DP8212M 55 44125 °C 


All Input Voltages —1.0V to 5.5V DP8212 0 +75 °C 


Output Currents 125 mA Note: Maximum ratings indicate limits beyond which perma- 

Maximum Power Dissipation* at 25°C nent damage may occur. Continuous operation at these lim- 
Cavity Package - 1903 mw its is not intended and should be limited to those conditions 
Molded Package 2005 mW specified under DC electrical characteristics. 


*Derate cavity package 12.7 mW/°C above 25°C; derate molded package 
16.0 mW/°C above 25°C. 


Electrical Characteristics min < T, < Max, Min < Voc < Max, unless otherwise noted 


Symbol Conditions 


Input Load Current, Ve = 0.45V 
STB, DS2, CLR, Dl, -Dig Inputs 


| InputLoadGurrent, DST Input | Ve=oasv | 
STB, DS2, CLR, Dl4—Dlg Inputs 
| InputLeakage Current, MD Input | Va=VeoMex | | | 
| InputLeakage Current, DST Input_| Va=Voomeax | S| S| a 
| InputForwardVottageciamp | Ic=-sma | | |= 
Input “Low” Voltage eat a 
eee tniansl oa 
| input“High"Voltage | Tt | 
Output “Low” Voltage | lou=toma | opeatam | | | oas_ 
| tou=1sma_ | opera | | | os 
Output “High” Voltage =| ton = 0.5mA | Dpaziam | 3.40 | 40 | | 
| lon=1.0ma | opera | 365 | 40 | | 
| Shor-CircuitOutput Curent | Vo=O0V.Voo=sv_ | -18 | | 75 
eel oma ae Oe ee eS 
Impedance State 
iecceenali TEE 5 rie nes aa 
| opera | | so | 190 


Capacitance” F = 1 Miz, Vaiss = 2.5V, Voc = BV, Ta = 25°C 


| Parameter | Min, =| typ | Max 
DS1, MO Input Capacitance a ee ee 


<l<l<J<lJ<lej<cje< 


= 
> |5 


3,3 
> {> 


_ DS2, CLR, STB, Dl,-Dlg Input Capacitance poe he ce ee ee 
DO1-DO8 Output Capacitance a ae eS ae 


“This parameter is sampled and not 100% tested. 





Switching Characteristics min < T, < Max, Min < Voc < Max | 


symbol Conaitions Unit 
| | Min | Max | Min | Max _| 
tw | Puisowin | tw | 


“0 
- ese ca 
in| ResettoOuputdeay | Wee 
 SawOuiGa Wed ee 
[outputenatiorOsabiorine | Wewoa) | | so | | 


Note 1: C, = 30 pF 
Note 2: C_ = 30 pF except for DP8212M 
te (DISABLE) CL = 5 pF 


Switching Conditions 


1. Input Pulse Amplitude = 2.5V. 

2. Input Rise and Fall Times = 5 ns. 

3. Between 1V and 2V Measurements made at 1.5V with 15 mA & 30 pF Test Load. 
4, C, includes jig and probe capacitance. 

5. CL = 30 pF. 

6. C_ = 30 pF except for DP8212M te (pisasLe) CL = 5 pF 


Alternate Test Load 
Test Load (Refer to Timing Diagram) 


Vec 


TL/F/6824~2 F TL/F/6824-3 
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DP8212/DP8212M 


Timing Diagram 
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Logic Diagram 
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DP8212/DP8212M 


Logic Tables 


Logic Table A 


= [= [on | SS 
Equals 

| oo §6| oo | | TRISTATE | 

ee ee ee ce 

poo | 4 | oo | paratatcH | 

Pot tt | oT aratatoH_| 

a 


CLR ~ resets data latch to the output low state. 


The data latch clock is level sensitive, a low level clock latches the data. 


Logic Table B 


ee re ae 
ea ie el ed 
a 


*Internal Service Request flip-flop. 


Functional Pin Definitions 


The following describes the function of all the DP8212/ 
DP8212M input/output pins. Some of these descriptions 
reference internal circuits. 


INPUT SIGNALS 


Device Select (DS;, DS2): When DS; is low and DSo is 
high, the device is selected. The output buffers are enabled 
and the service request flip-flop is asynchronously reset 
(cleared) when the device is selected. 


Mode (MD): When high (output mode), the output buffers 
are enabled and the source of the data latch clock input is 
the device selection logic (DS; * DS). When low (input 
mode), the state of the output buffers is determined by the 
device selection logic (DS; ¢ DSz2) and the source of the 
data latch clock input is the strobe (STB) input. 

Strobe (STB): Used as data latch clock input when the 
mode (MD) input is low (input mode). Also used to synchro- 
nously set the service request flip-flop, which is negative 
edge triggered. 


6-10 


Data In (Dl;—-Dlg): Eight-bit data input to the data latch, 
which consists of eight D-type flip-flops. Incorporating a lev- 
el sensitive clock while the data latch clock input is high, the 
Q output of each flip-flop follows the data input. When the 
clock input returns low, the data latch stores the data input. 


‘The clock input high overrides the clear (CLR) input data 


latch reset. 

Clear (CLR): When low, asynchronously resets (clears) the 
data latch and the service request flip-flop. The service re- 
quest flip-flop is in the non-interrupting state when reset. 


OUTPUT SIGNALS 

Interrupt (INT): Goes low (interrupting state) when either 
the service request flip-flop is synchronously set by the 
strobe (STB) input or the device is selected. 

Data Out (DO4-DOg): Eight-bit data output of data buffers, 
which are TRI-STATE, non-inverting stages. These buffers 
have a common control line that either enables the buffers 
to transmit the data from the data latch outputs or disables 
the buffers by placing them in the high-impedance state. 


Connection Diagram 


Dual-In-Line Package 


DP8212/ 
DP8212M 


TL/F/6824-6 
Top View 
Order Number DP8212J, DP8212N 
or DP8212MJ 
See NS Package Number J24A or N24A 





Applications in Microcomputer Systems 


Gated Buffer 
(TRI-STATE) 
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DP8212/ 


DP8212/ BUTEUT OP8212M 


DP8212M = {15mA) 
(3.65V MIN) 


DATA BUS 

CONTROL 

(0=L +R) 

GATING (= RL) 
CONTROL 


TL/F/6824-7 


TL/F/6824-8 


Interrupting Input Port Interrupt Instruction Port 
DATA Vc 
INPUT BUS ‘3 
STROBE 


(FROM INPUT 
DEVICE) 


SYSTEM DP8212/ RESTART pps212/ 


INSTRUCTION 
INPUT DP8212M : (RST 0 + RST 7) 


SYSTEM 

RESET 

ae | PORT SELECTION 
secre. a oR __ INTERRUPT ACKNOWLEDGE 
‘ To CPU ‘ TL/F/6824-10 
INTERRUPT INPUT 
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Applications in Microcomputer Systems (Continued) 


Output Port (with Hand-Shanking) 


DATA 
BUS 


OUTPUT STROBE 
(HAND-SHAKING 
SIGNAL FROM 

OUTPUT DEVICE) 


0P8212/ 
ppazizm |,» SYSTEM OUTPUT 
SYSTEM RESET 
, PORT SELECTION 
ERRUPT =} (LATCH CONTROL) 


INTERRUPT 
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INS8080A Status Latch 
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CLOCK GEN 
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6-12 


TL/F/6824-12 





ZA National 


Semiconductor 


DP8216/DP8216M/DP8226/DP8226M 
4-Bit Bidirectional Bus Transceivers 


General Description 


The DP8216/DP8216M and DP8226/DP8226M are 4-bit bi- 
directional bus drivers to use in bus oriented applications. 
The non-inverting DP8216/DP8216M and _ inverting 
DP8226/DP8226M drivers are provided for flexibility in sys- 
tem design. 


Each buffered line of the four-bit drivers consists of two 
separate buffers that are TRI-STATE® to achieve direct bus 
interface and bidirectional capability. On one side of the 
driver the output of one buffer and the input of another are 
tied together (DB); this side is used to interface to the sys- 
tem side components such as memories, |/O, etc., because 
its interface is TTL compatible and it has high driver (50 
mA). On the other side of the driver the inputs and outputs 
are separated to provide maximum flexibility. Of course, 
they can be tied together so that the driver can be used to 
buffer a true bidirectional bus. The DO outputs on this side 
of the driver have a special high voltage output drive capa- 
bility so that direct interface to the 8080 type CPUs is 
achieved with an adequate amount of noise immunity. 


The CS input is a device enable. When it is “high” the out- 
put drivers are all forced to their high-impedance state. 
When it is a “low” the device is enabled and the direction of 
the data flow is determined by the DIEN input. 


Logic Diagrams 
DP8216/DP8216M 


TL/F/8753-1 


The DIEN input controls the direction of data flow, which is 
accomplished by forcing one of the pair of buffers into its 
high-impedance state and allowing the other to transmit its 
data. A simple two-gate circuit is used for this function. 


Features 

a Data bus buffer driver to 8080 type CPUs 

m@ Low input load current—0.25 mA maximum 

@ High output drive capability for driving system data 
bus—50 mA at 0.5V 
Power up-down protection 
DP8216/DP8216M have non-inverting outputs 
DP8226/DP8226M have inverting outputs 
Output high voltage compatible with direct interface to 
MOS 
TRI-STATE outputs 
Advanced Schottky processing 
Available in military and commercial temperature 


DP8226/DP8226M 


TL/F/8753-2 
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DP8216/DP8216M/DP8226/DP8226M 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Storage Temperature —65 +150 °C 
Office/Distributors for availability and specifications. 


Min Max Units 


All Output and Supply Voltages -05 +70 V Operating Conditions 

All Input Voltages -10 +55 V Min 

Output Currents 125 mA ' Supply Voltage, Voc 

Maximum Power Dissipation* at 25°C DP8216M, DP8226M 4.5 
Cavity Package 1509 mW DP8216, DP8226 4.75 
Molded Package 1476 mW Temperature, Tp 

Note: *Derate cavity package 10.1 mW/°C above 25°C; derate molded DP8216M, DP8226M —55 

package 11.8 mW/°C above 25°C. DP8216, DP8226 a) 


Lead Temperature (soldering, 4 seconds) 260 °C 


Electrical Characteristics pps216, pps226 Voc = 5V +5% (Notes 2, 3, and 4) 


Limits 
Symbol Parameter Units 
rem feito GR 


DRIVERS 


|_InputtowVotage | 
| ImputHighVotage | 

eat 
| inputClamp Voltage | to -5ma || 
| OutputLowvottage | ton = 25ma || 


Output Low Voltage DP8216 Io, = 55mA 
DP8226 Io, = 50mA 


Output High Voltage loo = —10mA | 24 | 30 | 
Output Short Circuit Current | Voc=sv | 30 | -75 
Output Leakage Current TRISTATE | Vo=o4sw/ssv | | | 100 | 


| InputowVottage | Ts 
| Inputhigh voltage | 


| Inputtoad Curent | r= ousv || 008 | 0.25 
| InputClamp voltage | to ~8ma | || = 
| OutputLowVotage | t= t8mA ||| 
| Outputtiigh Vottage | ton=-1ma | ges | so | 
|_Output Short Circuit Gurent_ | Voo=sv_ |= 18 | 95 | 85 
| OutputLeakage Current TRISTATE | Vo=oaswssv | | | 20 


| Inputtowvotage | Ts 
| InputHighVottage | 
| Inputoad Curent | Ve=ousv || ots | -05 | 
| InputLeakage Curent | Va=saev | | | 


Power Supply Current 
DP&216 130 
DP8226 120 





DRIVERS 


Input Low Voltage 
DP8216M 
DP8226M 


Vou 

Vou2 

Vor 2 
isc__ | OutputShoncircuitCurent_ | Voo=50v_ | -30_| 
lol__ | OutputLeakage Current TALSTATE | Vo=o.svissv | | 


RECEIVERS 


Input Low Voltage 
DP8216M 
DP8226M 


—0.25 


Input Clamp Voltage 


| ° 
uy ‘ 
re oO 


lou = 15 mA 0.45 
lon =-05ma_| a4 | 38 | 

| OutputHighvottage | tow ema |e || 
| OutputShortGircuitCurent | Voo=sov | -15 | -35 | -65 
| OutputLeakage Curent TrISTATE | Vo=o4sswssv | | | 20 


CONTROL INPUTS (CS, DIEN) 


Input Low Voltage 
DP8216M 0.95 
DP8226M 0.9 


Input High Voltage are i ee ae 
Input Load Current vesoasy | | -o15 | -05 | 
Input Leakage Current Vr = 5.5V 


Power Supply Current 
DP8216M 
DP8226M 
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DP8216/DP8216M/DP8226/DP8226M 


Switching Characteristics (notes 2, 3 and 4) 


Limits 
Parameter 


DP8216M, DP8226M, Vcc = 5V + 10% 


Input to Output Delay, DO Outputs CL = 30 pF, Ry = 3000, 
Ro = 6000 


Input to Output Delay, DB Outputs C_ = 300 pF, R; = 900, 
DP8216M Ro = 1802 
DP8226M 


Output Enable Time DO Outputs: C_ = 30 pF, 
DP8216M Ry = 3009 
DP8226M Re = 6002 
DB Outputs: C_ = 300 pF, 
Ry = 909 
Ro = 1802. 


Output Disable Time DO Outputs: CL = 5 pF, 
DP8216M Ry = 3000 
DP8226M Re = 6000 
DB Outputs: CL = 5 pF, 
Ry = 900 
Ro = 1809 


DP8216, DP8226 Vcc = 5.0V +5% 


Input to Output Delay, DO Outputs CL = 30 pF, Ry = 3000, 
Ro = 6000 


Input to Output Delay, DB Outputs CL = 300 pF, Ry = 909, 
DP8216 Re = 1802 


DP8226 


Output Enable Time DO Outputs: CL = 30 pF, 
DP8216 R, = 3000 
DP8226 Ro = 6000 
DB Outputs: CL = 300 pF, 
Ry = 902 
Ro = 1800 


Output Disable Time DO Outputs: OL = 
Ry = 3002 
Re = 6000 
DB Outputs: CL 
Ry = 902 
Re = 1800 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Electrical Characteristics” provide conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the —55°C to + 125°C temperature range for the DP8216M and DP8226M and across the 0°C to 
+70°C temperature range for the DP8216 and DP8226. All typical values are given for Voc = 5V and Ta = 25°C. 


Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. , 





Test Conditions 

Input rise and fall times of 5.0 ns between 1.0V and 2.0V. 
Output loading is 5.0 mA and 10 pF. 

Speed measurements are made at 1.5V levels. 


Switching Time Waveforms 


INPUTS 1.5V 


Test Load Circuit 


TL/F/8753-4 


fe tpp =e 
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Connection Diagram 


Dual-In-Line Package 
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Order Number DP8216J, DP8216N, DP8226J, DP8226N, 


DP8216MJ or DP8226MJ 


See NS Package Number J16A or N16A 


a 3 VoL 


0.5V 
TL/F/8753-5 


Capacitance T, = 25°c 


Si 
Hie ne 


[Cw | inputCapacitance | | 4 | 





Output Capacitance 
DO Outputs 10 cE 
DO Outputs 18 


Note: This parameter Is periodically sampled and is not 100% tested. Condi- 
tion of measurement is f = 1 MHz, Vaias = 2.5V, Voc = 5.0V, and Ta = 
25°C. 
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Semiconductor 


ZANational 


DP8224 Clock Generator and Driver 


General Description 


The DP8224 is a clock generator/driver contained in a stan- 
dard, 16-pin dual-in-line package. The chip, which is fabri- 
cated using Schottky Bipolar technology, generates clocks 
and timing for the 8080A microcomputer family. 

Included in the DP8224 is an oscillator circuit that is con- 
trolled by an external crystal, which is selected by the de- 
signer to meet a variety of system speed requirements. Also 
included in the chip are circuits that provide: a status strobe 
for the DP8228 or DP8238 system controllers, power-on re- 
set for the 8080A microprocessor, and synchronization of 
the READY input to the 8080A. 


Features 

m Crystal-controlled oscillator for stable system operation 

mw Single chip clock generator and driver for 8080A micro- 
processor 

m@ Provides status strobe for DP8228 or DP8238 system 
controllers , : 

ta Provides power-on reset for 8080A microprocessor 

m Synchronizes READY input to 8080A microprocessor 

m Provides oscillator output for synchronization of exter- 
nal circuits 

m Reduces system component count 


8080A Microcomputer Family Block Diagram 
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Absolute Maximum Ratings (Note 2) Operating Conditions 


If Milltary/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage 
Office/Distributors for availability and specifications. Vcc 4.75 


Supply Voltage Vbp a 
Voc 7V Temperature (Ta) 0 


Vop 15V 
Input Voltage —1V to +5.5V 
Storage Temperature Range —65°C to + 150°C 


Maximum Power Dissipation* at 25°C 
Cavity Package 1509 mW 
Molded Package 1476 mW 


Lead Temperature (Soldering, 4 seconds) 260°C 


*Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/°C above 25°C. 


Electrical Characteristics (note 3) 


symbol_| __—Parameter_—— | Conditions| 
Input “Low” Voltage 

Input “High” Voltage | RESNinout =| 26 {| | 

| aotherinputs | 20 [| 

Vin-Vu | RESINinputtysteresis | Voc=sv | os || 


Output “Low” Voltage 
($1, $2), Ready, Reset STSTB lo. = 2.5mA 
Osc., 2 (TTL) lo. = 10mA 
Osc., 62 (TTL) lo. = 15mA 
Output “High” Voltage 
$1, b2 lon = —100 pA 9.4 
Ready, Reset lon = —100 pA 3.6 
Osc., 62 (TTL), STSTB lon = —1mA 2.4 
Isc Output Short-Circuit Current Vo = OV, Voc = 5V 
(All Low Voltage Outputs Only), —10 mA 
(Note 1) 


lc | _PowerSupplycurent | | | ttm 
too_ | PowerSupplyCurent_ | | TT te Tm 


Note 1: Caution —1 and $2 output drivers do not have short circuit protection. 

Note 2: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 3: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DP8224. All typical values are for Ta = 25°C, Voc = SV, and 
Vop = 12V. 





Crystal Requirements* 
Tolerance 0.005% at 0°C to + 70°C Equivalent Resistance 750 to 200, 


Resonance Fundamental Power Dissipation (Min) 4mW 


Load Capacitance 20 pF to 30 pF 
*lt is good design practice to ground the case of the crystal 
**With tank circuit, use 3rd overtone mode 
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DP8224 


Switching Characteristics (Note 3) 


Symbol | ______—Parameter_—— | Condiitions 


tor 
too 


to1 
toe 


toRH 
tor 
toLk 


fMax 
Cin 


1 Pulse Width 
2 Pulse Width 


gu veneg C = 20 pF to 50 pF 


2 to $1 Delay 
61 to $2 Delay 


$1 and $2 Rise Time 
1 and $2 Fall Time 


2 to 2 (TTL) Delay 62 TTL, CL = 30 pF, 
R1 = 3000, R2 = 6000 
$2 to STSTB Delay ae 
STSTB Pulse Width - STSTE. 6, = 18pF 
RDYIN Set-Up Time to Status Strobe | 941 = 2k9,R2 = 4ka 
" RDYIN Hold Time After STSTB 





READY or RESET to $2 Delay Ready and Reset, C_ = 10 pF, 
R1 = 2k9, R2 = 4kn ; 


CLK Period 


MaximumOscilating Frequency | ||| Mz 


Input Capacitance : . Voc = 5V, Vpp = 12V, F 
Vaias = 2.5V, f = 1 MHz P 


Test Circuit 


TL/F/8752-2 
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Waveforms 


tty 


ot 
tot 


$2 tp3 42 to2 


tog2 tog2 


$2 (TTL) 


SYNC 
(FROM 8080A) 


STSTB 





{DRS 


ROYIN’ 
OR RESIN 


tOR 


READY OUT 


RESET OUT 


TL/F/8752-3 


Voltage Measurement Points: $1, #2 Logic “0” = 1.0V, Logic “1 = 8.0V. All other signals measured at 1.5V. 


Switching Characteristics (For tcy = 488.28 ns) 











Symbol | ____—Parameter__— | Conditions ~— | win. | Typ | Max | Units 
tor | a | | ns 
ty2 ae | | ns 
to1 ae as ee PE 
toz ee ee eee 
toa too | | 120 | ns 
$1 and $2 Loaded to C, = 20 to 50 pF pee all 00s ore 
tf Ready and Reset Loaded to 2 mA/10 pF oe ae ns 
toss All Measurements Referenced to 1.5V | 206 | 326 ns 
aoe unless Specified Otherwise ao ol ee ae 
tow ee ae eee 
tors RDYIN Set-Up Time to STSTB | <7 | | | ns 
tpRH RDYIN Hold Time after STSTB 217 a ee ns 
ton pe || ns 
fax a 
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DP8224 


Functional Pin Definitions 


The following describes the function of all of the DP8224 
input/output pins. Some of these descriptions reference in- 
ternal circuits. 


INPUT SIGNALS 

Crystal Connections (XTAL 1 and XTAL 2): Two inputs 
that connect an external crystal to the oscillator circuit of 
the DP8224. Normally, a fundamental mode crystal is used 
to determine the basic operating frequency of the oscillator. 
However, overtone mode crystals may also be used. The 
crystal frequency is 9 times the desired microprocessor 
speed (that is, crystal frequency equals 1/tcy x 9). When 
the crystal frequency is above 10 MHz, a selected capacitor 
(3 to 10 pF) may have to be connected in series with the 
crystal to produce the exact desired frequency. Figure A. 


Tank: Allows the use of overtone mode crystals with the 
oscillator circuit. When an overtone mode crystal is used, 


the tank input connects to a parallel LC. network that is ac. . 


coupled to ground. The formula for determining the reso- 
nant frequency of this LC network is as follows: 


1 
~ On VLC 


Synchronizing (SYNC) Signal: When high, indicates the 
beginning of a new machine cycle. The 8080A microproces- 
sor outputs a status word (which describes the current ma- 


chine cycle) onto its data bus during the first state (SYNC _ 


interval) of each machine cycle. 


Reset In (RESIN): Provides an automatic system reset and 
start-up upon application of power as follows. The RESIN 
input, which is obtained from the junction of an external RC 
network that is connected between Vcc and ground, is rout- 
ed to an internal Schmitt Trigger circuit. This circuit converts 
the slow transition of the power supply rise into a sharp, 
clean edge when its input reaches a predetermined value. 


When this occurs, an internal D-type flip-flop is synchro- - 
nously reset, thereby providing the RESET output signal dis- 


cussed below. 


Logic and Connection Diagrams 


(> xrau 
XTAL2 


[s> tank 


OSCILLATOR 


c> 
> 


SCHMITT 
INPUT 


For manual system reset, a momentary contact switch that 
provides a low (ground) when closed is also connected to 
the RESIN input. 

Ready In (RDYIN): An asynchronous READY signal! that is 
re-clocked by a D-type flip-flop of the DP8224 to provide the 
‘synchronous READY output discussed below. 

+5 Volts: Voc supply. 

+12 Volts: Vpp supply. 

Ground: 0 volt reference. 


OUTPUT SIGNALS 

Oscillator (OSC): A buffered oscillator signal that can be 
used for external timing purposes. 

4 and 2 Clocks: Two non-TTL compatible clock phases 
that provide nonoverlapping timing references for internal 
storage elements and logic circuits of the 8080A microproc- 
essor. The two clock phases are produced by an internal 
clock generator that consists of a divide-by-nine counter 
and the associated decode gating logic. Figure B. 

2 (TTL) Clock: A TTL $2 clock phase that can be used for 
external timing purposes. 

Status Strobe (STSTB): Activated (ow) at the start of each 
new machine cycle. The STSTB signal is generated by gat- 
ing a high-level SYNC input with the $4, timing signal from 
the internal clock generator of the DP8224. The STSTB sig- 
nal is used to clock status information into the status latch 
of the DP8228 system controller and bus driver. 

Reset: When the RESET signal is activated, the content of 
the program counter of the 8080A is cleared. After 
RESET, the program will start at location 0 in memory. 
Ready: The READY signal indicates to the 8080A that valid 
memory or input data is available. This signal is used to 
synchronize the 8080A with slower momen or input/output 
devices. 


Dual-In-Line Package 


DP8224 
osc 
am [> 


$2 
Vpb 
TL/F/8752-5 
Top View 


Order Number DP8224J or DP8224N 
See NS Package Number 
J16A or N16A 


TL/F/8752-4 
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Applications Information 


pec8dd 


1 


UUNIT * Ose FAEG. 


r!2 
01 y 


I 
t 
od 
[vtetstats[itet | 
¢2 a 


TL/F/8752-7 


EXAMPLE: (8080 tcy = 500 ns) 
f= 1 ; OSC = 18 MH2/55 ns 
Ly $, = 110 ns (2 X 55 ns) 


FOR OVERTONE $2 = 275 ns (5 X 55 ns) 
YSTALS 


go-d, = 110 ns (2 X 55 ns) 


(GNLe NEEDED FIGURE B. DP8224 Clock Generator Waveforms 
ABOVE 10MHz) 


0P8224 


STSTB (TO 8228 PIN 1) 
é TL/F/8752-6 
FIGURE A. DP8224 Connection Diagram 
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DP8228/DP8228M/DP8238/DP8238M 


ZA National 


Semiconductor 


DP8228/DP8228M/DP8238/DP8238M 
System Controller and Bus Driver 


General Description 


The DP8228/DP8228M, DP8238/DP8238M are system 
controller/bus drivers contained in a standard, 28-pin dual- 
in-line package. The chip, which is fabricated using Schottky 
Bipolar technology, generates all the read and write control 
signals required to directly interface the memory and input/ 
output components of the 8080A microcomputer family. The 
chip also provides drive and isolation for the bidirectional 
data bus of the 8080A microprocessor. Data bus isolation 
enables the use of slower memory and input/output compo- 
nents in a system, and provides for enhanced system noise 
immunity. 

A user-selected signal-level interrupt vector (RST 7) is pro- 
vided by the device for use in the interrupt structure of small 
systems that need only one basic vector. No additional 
components (such as an interrupt instruction port) are re- 
quired to use the single interrupt vector in these systems. 
The devices also generate an Interrupt Acknowledge (INTA) 
control signal for each byte of a multibyte CALL instruction 


when an interrupt is acknowledged by the 8080A. This fea- 
ture permits the use of a multilevel priority interrupt structure 
in large, interrupt-driven systems. 


Features 

m Single chip system controller and bus driver for 8080A 
Microcomputer Systems 

@ Allows use of multibyte CALL instructions for Interrupt 
Acknowledge ; 

mw Provides user-selected single-level interrupt vector 
(RST 7) 

m Provides isolation of data bus 

mu Supports a wide variety of system bus structures 

m Reduces system component count 

m DP8238/DP8238M provides advanced Input/Output 
Write and Memory Write control signals for large sys- 
tem timing control 


8080A Microcomputer Family Block Diagram 


$1 & 2 CLOCKS 


CONTROL SIGNALS 
(RESET & READY) 


OP 8224 
CLOCK 
GENERATOR 


8080A 
DRIVER MICROPROCESSOR 


DMA REQ.) 


CONTROL 
IGNALS 
, OBIN, 


( 
& HLOA) BIDIRECTIONAL 
BUS DRIVER 


SYSTEM 
CONTROLLER 
LOGIC 


DP8228/0P8228M, 
0P8238/DP8238M 


hibits is 
INTERFACE 


SERIAL 
INTERFACE 
-~---45 
OPTIONAL 


! 
BUFFERS/ | 
DECODERS 4 


eee | 
; ADDRESS 
BUS (16) 
-= 


DATA BUS (8) 


EXTENDED 
CAPABILITY 





CONTROL (5) 


TL/F/6825-1 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Supply Voltage, Vcc -0.5to +7V 
Input Voltage —1.5V to +7V 
Output Current 100 mA 
Maximum Power Dissipation* at 25°C 

Cavity Package 2179 mW 


Molded Package 2361 mW 


*Derate cavity package 14.5 mW/°C above 25°C; derate molded package 
18.9 mW/°C above 25°C. 


Operating Conditions 
Min Max Units 
Supply Voltage (Vcc) 
DP8228M, DP8238M 
DP8228, DP8238 
Operating Temperature (Ta) 
DP8228M, DP8238M —55 +125 °C 
DP8228, DP8238 0 +70 °C 
Note: Maximum ratings indicate limits beyond which perma- 
nent damage may occur. Continuous operation at these lim- 
its is not intended and should be limited to those conditions 
specitied under DC electrical characteristics. 


5.50 
5.25 


4.50 
4.75 


Voc 
. Voc 


Electrical Characteristics Min < Ta < Max, Min < Vcc < Max, unless otherwise noted 


Typ 
aes 2. ae ee (Note 1) oc pls 


Input Clamp Voltage, All Inputs Vcc = Min, lc = -—5 mA 


Input Load STSTB 


Current 


Voc = Max 


DO, D1, D4, 
D5 and D7 


All Other 
Inputs 


DBO-DB7 


All Other 
Inputs 


Input Leakage 
Current 


Input Threshold Voltage, 
All Inputs 


Power Supply Current 


105 | 230 | 

160 | 230 | 

fo 

Toa 
ro 
Powe 
a 
ef 
en os 
ron 
oo 
— 


DO-D7 Vcc = Min, 


lol = 2mA 


Output Low 
Voltage 


All Other 
Outputs 


Voc = Min, 


VoH Output High 


log - | Short Circuit Current, All | Short Circuit Current, All Outputs | 


OFF State Output Current 
All Control Outputs. 


10 (OFF) 


Note 1: Typical values are for Ta = 25°C and typical supply voltages. 





lo. = 10MA | ppgoeg, pps238 
DO-D7 Vo = Min, 
lo. = —10 2A | ppgoe8, pps238 


All Other Voc = Min, eect | =—-1mA 
Gee 
Voc = iacariecc lVcc=5V,Vo=OV—id OV 


Vcc = Max, Vo = Vcc 
Voc = Max, Vo = 0.45V 


lint INTA Current (See Test Conditions, Figure 3) ae 


| 1.0 | 


D2 and D6 Ve = 0.45V for DP8228, DP8238 
Ve = 0.40V for DP8228M, DP8238M 


Voc = Max, VR = Voc 


Pee ee 


Vcc = Max | DPs228,pPe238 =| 
pPe2zem,ppe23em | 


2.0 


pPs22em, pe23em | 
pps228,ppe238 =| 
pps22em, DP823eM | 


DP8228M, DP8238M 


100 
—100 
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DP8228/DP8228M/DP8238/DP8238M 


Capacitance* Veias = 2.5V, Voc = 5.0V, Ta = 25°C, f = 1 MHz 


Typ 
Parameter | (Note 1) 


Input Capacitance [race eee ee) 
Output Capacitance Control Signals i ae ee 15 
1/0 Capacitance (D or DB) el ae ae 


*This parameter is periodically sampled and not 100% tested. 


= 
or 


Switching Characteristics min < Voc < Max, Min < Ta < Max 


DP8228M, DP8228, 
Symbol Parameter DP8238M DP8238 


tpw Width of Status Strobe Rs ee 


tss Set-Up Time, Status Inputs DO-D7 
tsy Hold Time, Status Inuts DO-D7 


7 


uo 


toc Delay from STSTB to Any Control Signal (Figure 2) 
tar Delay from DBIN to Control! Outputs 


tRE Delay from DBIN to Enable/ (Figure 1) 
Disable 8080 Bus 

trap Delay from System Bus to 8080 (Figure 1) 
Bus During Read 


twa Delay from WR to Control Outputs (Figure 2) 


twe Delay to Enable System Bus (Figure 2) 
DBO-DB7 after STSTB 


p 
or 
as 
oi 


pb 
ol 


ph 
a 


4 


ph 
oO 


two Delay from 8080 Bus DO-D7 to (Figure 2) 
System Bus DBO-DB7 During Write 

te Delay from System Bus Enable to ' (Figure 2) 
System Bus DBO-DB7 

tup HLDA to Read Status Outputs (Figure 2) 


tps Set-Up Time, System Bus Inputs to HLDA 


toH Hold Time, System Bus Inputs to HLDA = ae ol 


Test Conditions 


Vee 


1k + 10% 


OUTPUT 
rie DP8228/8238 


OUTPUT 
PIN 


TL/F/6825-2 TL/F/6825-3 TL/F/6825-4 


FIGURE 1. Test Load FIGURE 2. Test Load FIGURE 3. INTA Test Circuit 
(For RST 7) 
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Timing Diagram 


$1 

$2 

STATUS STROBE 
8080 DATA BUS 
DBIN 

INTA, (0R, MEMA 
HLDA 


INTA, 10R, MEMR 
DURING HLDA 


SYSTEM BUS DURING READ 
INS8080A BUS DURING READ 
WR 

iOwOR MEMW 


INS8080A BUS DURING WRITE 
SYSTEM BUS DURING WRITE 


SYSTEM BUS ENABLE 


SYSTEM BUS OUTPUTS 


TL/F/6825-5 


VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) Logic “0" = 0.8V, Logic “0” = 0.8V, Logic “1” = 3.0V. All other signals measured at 1.5V. 


*Advanced I/OW MEMW for 8238 only. 


Functional Pin Definitions 


The following describes the function of all of the DP8228/ 
DP8228M; DP8238/DP8238M pinouts. Some of these de- 
scriptions reference internal circuits. 


INPUT SIGNALS 


Status Strobe (STSTB): Activated (low) at the start of each 


new machine cycle. The STSTB input is used to store a 
status word (refer to chart) from the 8080A microprocessor 
into the internal status latch of the DP8228, DP8238. The 
status word is latched when the STSTB returns to the high 
state. The 8080A outputs this status word onto its data bus 
during the first state (SYNC interval) of each machine cycle. 
Data Bus In (DBIN): When high, indicates that the 8080A 
data bus is in the input mode. The DBIN signal is used to 
gate data from memory or an input/output device onto the 
data bus. 

Write (WR): When low, indicates that the data on the 
8080A data bus are stable for WRITE memory or output 
operation. 

Hold Acknowledge (HLDA): When high, indicates that the 
8080A data and address buses will go to their high imped- 
ance state. When in the data bus read mode, DBIN input in 
the high state, a high HLDA input will latch the data bus 
information into the driver circuits and gate off the applica- 
ble control signal [7OR, MEMR, or INTA (return to the out- 
put high state). 

Bus Enable (BUSEN): Asynchronous DMA input to the in- 
ternal gating array. When low, normal operation of the inter- 
nal bidirectional bus driver and gating array occurs. When 
high, the bus driver and gating array are driven to their high 
impedance state. 


Vec Supply: + 5V. 
Ground: OV reference. 


6-27 


OUTPUT SIGNALS 

Memory Read (MEMR): When low, signals data to be load- 
ed in from memory. The MEMR signal is generated by strob- 
ing in status word 1, 2, or 4. (Refer to status word chart.) 
Memory Write (MEMW): When low, signals data to be 
stored in memory. The MEMW signal is generated for the 
DP8238 by strobing in status word 3 or 5. (Refer to status 
word chart.) For the DP8228, the MEMW signal is generated 
by gating a low-level WR input with the strobed in status 
word 3 or 5. 

Input/Output Read (I/OR): When low, signals data to be 
loaded in from an addressed input/output device. The I/OR 
signal is generated by strobing in status word 6. 
Input/Output Write ([/OW): When low, signals data to be 
transferred to an addressed input/output device. The |/OW 
signal for the DP8238 is generated by strobing in status 
word 7. For the DP8238 the I/OW signal is generated by 
gating in a low-level WR input with the strobed in status 
word 7. 


Interrupt Acknowledge (INTA): When low, indicates that 


"an interrupt has been acknowledged by the 8080A micro- 


processor. The INTA signal is generated by strobing in 
staus word 8 or 10. 
Signal Level Interrupt (RST 7): When the INTA output is 
tied to 12V through a 1 k2 resistor, strobing in status word 8 
or 10 will cause the CPU data bus outputs, when active, to 
go to the high state. 


INPUT/OUTPUT SIGNALS 


CPU Data (D7-Do) Bus: This bus comprises eight 
TRI-STATE® input/output lines that connect to the 8080A 
microprocessor. The bus provides bidirectional communica- 
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DP8228/DP8228M/DP8238/DP8238M 


Functional Pin Definitions (Continued) 


tion between the CPU, memory, and input/output devices 
for instructions and data transfers. A status word (which de- 
scribes the current machine cycle) is also outputted on this 
data bus during the first microcycle of each machine cycle 
(SYNC = logic 1). 


System Data (DB7-DBp) Bus: This bus comprises eight 
TRI-STATE input/output lines that connect to the memory 
and input/output components of the system. The internal 
bidirectional bus driver isolates the DB7-DBg Data Bus from 
the D7-Do Data Bus. 


Status Word Chart 


Status 


Data Bus Bit Control 


Machine Cycle ‘ 
ee pero Toe To To To To | oe ail 


Instruction Fetch 

Memory Read 

Memory Write 

Stack Read 

Stack Write 

Input Read 

Output Write 

Interrupt Acknowledge 

Halt Acknowledge 

Interrupt Acknowledge While Halt 


OOnN oO ah aN — 
opr o0o0o0o+-90-+ 


—_ 
oO 


Block and Connection Diagrams 


<a 089 

<e—08) 

<q 082 

BIDIRECTIONAL. = . ~«— 083 
BUS DRIVERS =e DB4 
ead <q 085 

<—— 085 

~<—0B7 


. DRIVER CONTROL 


STATUS = 
LATCH 


-o +]? 90 0 0000 
ooo.-c0coo0o0c79cec$eo 
--|'-O 000 000 
—sa et = O-F- O44 CO = 
-Oo-90000000 


; 
0 
{ 
{ 
0 
0 7 
0 
0 
0 


Dual-in-Line Package 


COCOA C COCO 


SYSTEM DATA BUS 


GATING 
ARRAY 


TL/F/6825-7 
Order Number DP8228J, DP8228MJ, 
DP8228N, DP8238J, DP8238MJ or 
DP8238N 


Tees See NS Package Number J28A or N28B 
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Section 7 
Level Translators 
and Buffers 





Section 7 Contents 


Level Translators and Buffers—Introduction 

Level Translators and Buffers—Selection Guide 

DP8480A 10k ECL-to-TTL Level Translator with Latch 
DP8481 TTL-to-10k ECL Level Translator with Latch 
DP8482A 100k ECL to TTL Level Translator with Latch 
DP8483 TTL-to-100k ECL Level Translator with Latch 
DS1630B/DS3630B Hex CMOS Compatible Buffers 
DS7800/DS8800 Dual Voltage Level Translators 
DS78L12/DS88L12 Hex TTL-MOS Inverter/Interface Gates 
MM5034/MM5035 Octal 80-Bit Static Shift Registers 





ZA National 


Semiconductor 


Level Translators/Buffers 


Several different families of logic circuits are available to- 
day, each offering advantages in certain applications. This 
wide selection of circuit types allows the design engineer to 
more easily construct functions and systems which meet his 
specific requirements. 


Each of these logic “families”, however, is produced using 
different processes, and their specific electrical characteris- 


tics are almost always different. Interfacing between these 
logic families can, at times, be difficult. 

National Semiconductor offers a selection of level transla- 
tors which can greatly simplify this task. The following selec- 
tion guide outlines the level translator circuits available. 
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Level Translators/Buffers 


ZA National 


Semiconductor 


Level Translators/Buffers 


Device Number Page 
Logic Function Output Characteristics 
OoCto +70°C | —55°Cto + 125°C Number 


ppessoa | —Ssdsnverrting’ «= inverting | TRI-STATE Fall Through Latch | | 40kECL | 7-5 
DP8461 ae ee ae 7-8 
pPess2a || tnverting | TRISTATE Fall ThroughLatch | TrL___ | tokecL | _7-11 
predss | | Inventing | Gated Fall through Latch | ookec. | Tm | 7-14 
psseso__—| psteso__—| Hex Butter __| S0nsProp.Delayatsoopr | cmos | cmos | 7-17 
DS8800 Open-Collector—30Vto30ov | PMOS | TL | 7-21 
pseali2 | os7eli2____| Hexinverter_| ActivePulkupoavtotav | Mos | TL 7.24 
MM740901 cmos 
MM74C802 cmos 
mm74cs03_| mMs4c903___—| HexInverter__ | ActivePulLupovtotsv__—| pMos__| cmos | _cMos 
mw74ce04 | Mms4c904___—| Hex Butter ActivePulLupovtotsv__| pmos__| cmos_|_cMos 
mw74ce06 | MMS4c906___—| HexButfer__| Open Drainovtoisv_—_| NMos__| cmos_|_cMos 
mm74ce07__| Mms4c907__—_| HexButter___| Open DrainVcctoVoc ~ 15v | pmos__| cmos | cmos 
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4a National 


Semiconductor 


DP8480A 10k ECL to TTL Level Translator with Latch 


General Description Features 
This circuit translates ECL input levels to TTL output levels ™ 16-pin DIP 
and provides a fall-through latch. The TRI-STATE® outputs | TRI-STATE outputs 
are designed to drive standard 50 pF loads. The strobe and = ECL control inputs 
chip select inputs operate at ECL levels. ™ 8 ns typical propagation delay with 50 pF load 
m@ Outputs are TRI-STATE during power up/down for 
glitch free operation 
@ 10k ECL input compatible 


Logic and Connection Diagram Truth Table 


Dual-In-Line Package 


\/ 


H = high level (most positive) 
L = low level (most negative) 
X = don’t care 


>. 


\/ 


Order Number DP8480AJ or DP8480AN 
See NS Package Number J16A or N16A 


[\ WY LY 





TL/F/5861-1 
Top View 





DP8480A 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Maximum Power Dissipation* at 25°C 
please contact the Natlonal Semiconductor Sales Molded Package 1476 mW 
Office/Distributors for availability and specifications. Storage Temperature —65°C to + 150°C 


Ver Supply Voltage —8V *Derate molded package 11.8 mW/°C above 25°C. 


Voc Supply Voltage 7V . 
Input Voltage GND to Veg Recommended Operating 


Output Voltage 5.5V Conditions 
Vee Supply Voltage —5,.2V 410% 
Voc Supply Voltage 5.0V £10% 
Ta Ambient Temperature 0°C to 75°C 


Electrical Characteristics (1 Logic) Notes 2,3 and 4 


Parameter | Conditions | Min | Typ | Max | 
| Outputtow Voltage | tou =t2ma | | 
| Output High Voltage | ton = -10mA_ | Voc-av | | 
| _OutputLow Drive Curent | Force2sv | 70 |S t50 | 
|_OutputHigh Drive Current | Forceov |= 70_—|_ = 150_| 350 
| TRI-STATE OutputCurent | | 0 | tT +80 
| SupplyCurent | 


Electrical Characteristics (Ect Logic) Notes 2 and 3 


| __Parameter_ | __ Conditions| Ta_—| in| Typ, | Max 


Ta 

Input Low Voltage oc 
25°C 
75°C 

Input High Voltage Vee = —5.2V orc 
25°C 
75°C 


Input LowCurrent_ | Vin=VMax | | | 8] 
InputHighCurrent_ | | Vin=VinMax | | | | 750 
Supply Curent | | 8 


[Parameter | Conditions| Min [Typ | Wax] 
[—Strobeto OutputDelay |G =s0pr | 4 | 0 | 15 | 
[DatatoOutputDelay —+(| cr=sopr [3s |e | 15 
(Note 6) 


es an a ee 

ae ee ee ee 

| 50 | 30 | 
Delay from Chip Select to CL = 50 pF Fos | fos 
Active State from Hi-Z State 


Delay from Chip Select to Hi-Z C. = 50 pF 

State from Active State 
Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 
Note 2: Unless otherwise specified, min/max limits apply across the 0°C to 75°C ambient temperature range in still air and across the specified supply variations. 
All typical values are for Ta = 25°C and nominal supply. Maximum propagation delays are specified with all outputs switching simultaneously. 
Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. . 
Note 4: When DC testing lay or log, only one output should be tested at a time and the current limited to 120 MA max. 
Note 5: Unless otherwise specified, all AC measurements are referenced from the 50% level of the ECL input to the 0.8V level on negative transitions or the 2.4V 
level on positive transitions of the output. ECL input rise and fall times are 2.0 ns + 0.2 ns from 20% to 80%. 
Note 6: Caution should be used when latching data while the outputs are switching. TTL outputs generate severe ground noise when switching. This noise can be 
sufficient to cause the ECL latch to loose data. Board mounting and good supply decoupling are desirable. The worst case conductions are with all outputs 
switching low simultaneously, the maximum capacitive loading on the outputs and the maximum Vcc supply voltage applied. 





Switching Time Waveforms 


Test Load 


CL 
INCLUDING PROBE 
AND JIG CAPACITANCE 


150p 
CL—LOAD CAPACITANCE (pF) 


baa | 


TL/F/5861~-5 


tpp2 (ns) 


<+———- {75 —_ >| 


~ Von—0.3V 1 CLOSED ; 
i: ae > 
Von +0.3V ~OV . 


TL/F/5861-4 


= 25° 
ALL outputs - A= “5° 
SWITCHING —— 


SWITCHING 


CL—LOAD CAPACITANCE (pF) 
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TL/F/5861-2 


TL/F/5861-3 


TL/F/5861-6 
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DP8481 


ZA National 


Semiconductor 


DP8481 TTL to 10k ECL Level Translator with Latch 


General Description 


This circuit translates TTL input levels to ECL output levels 
and provides a fall-through latch. The outputs are gated with 
CS providing for wire ORing of outputs. The strobe and chip 
select inputs operate at ECL levels. , 


Logic and Connection Diagram 


Dual-In-Line Package 


TL/F/5862-1 
Top View 


Features 

@ 16-pin flat-pack or DIP 

@ ECL control inputs 

m CS provided for wire ORing of output bus 
m 10k ECL I/O compatible 

@ 3.0 ns typical propagation delay 


Truth Table 


H=high level (most positive) 
L=low level (most negative) 
X= don't care 


Order Number 
DP8481F, DP8481J or DP8481N 
See NS Package 
F16B, J16A or N1GA 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Vee Supply Voltage —8V 
Vcc Supply Voltage — 7V 
Input Voltage (ECL) GND to Veg 
Input Voltage (TTL). —1V to 5.5V 
Output Current 50 mA 


Maximum Power Dissipation* at 25°C 
Molded Package 1476 mW 


Storage Temperature —65°C to + 150°C 
*Derate molded package 11.8 mW/°C above 25°C. 


Recommended Operating Conditions 


Vee Supply Voltage 
Voc Supply Voltage 
Ta, Ambient Temperature 


Electrical Characteristics (111 Logic) (Notes 2 and 3) 


Symbol 


Electrical Characteristics (Ect Logic) (Notes 2 and 3) | 


—5.2V +10% 
5.0V £10% 


0°C to 75°C 


Symbol Conditions pte} in| typ | Mos 


Input Low Voltage Vee= —5.2V 


Input High Voltage VeE= —5.2V 


Input Low Curent | vw=-tev_ | | || 80 
Input High Current __|_Vin= —0.8V |_| ss | ae _| 


Output Low Voltage 


Output High Voltage 


Output Low Voltage VeE= —5.2V 


Output High Voltage Vee= —5.2V 


Supply Current vee=-57—v | | | =o |= 80 





L8h8dd 


DP8481 


Switching Characteristics (Notes 2 and 4) 


Conditions 


rr ae 
| DataToOutputDely | 
| DataSetUpTimeto strobe | 
| DataHolsTime | 
| StrobePuisewidth J 
| Chip Select to OutputDelay | 
| DataSetUpTimetoChipSelect | 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to 75°C ambient temperature range in still air and across the specified supply variations. 
All typical values are for 25°C and nominal supply. 

Note 3: All currents into device pine are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 


Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TTL input and to/from the 50% point of the ECL signal and a 
502 resistor to —2V is the load. ECL input rise and fall times are 2.0 ns +0.2 ns from 20% to 80%. TTL input characteristic is OV to 3V with t-=t}<3 ns measured 
from 10% to 90%. 


Switching Time Waveforms 


TL/F/5862-2 


TL/F/5862-3 





ZA National 


Semiconductor 


DP8482A 100k ECL to TTL Level Translator with Latch 


General Description 

This circuit translates ECL input levels to TTL output levels 
and provides a fall-through latch. The TRI-STATE® outputs 
are designed to drive standard 50 pF loads. The strobe and 
chip select inputs operate at ECL levels. 


Logic and Connection Diagram 


Dual-In-Line Package 


TL/F/5863-1 
Top View 


Features 

@ 16-pin DIP or S.O. 

m@ TRI-STATE outputs 

m@ ECL control inputs 

m@ 8 ns typical propagation delay with 50 pF load 

= Outputs are TRI-STATE during power up/down for 
glitch free operation 

@ 100k ECL input compatible 


Truth Table 


H=high level (most positive) 
L=low level (most negative) 
X=don't care 


Order Number DP8482AJ, DP8482AM or DP8482AN 
See NS Package Number J16A, N16A or M16B 
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DP8482A 


Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Veg Supply Voltage —8V 
Voc Supply Voltage - 7 
Input Voltage GND to Veg 
Output Voltage 5.5V 


Storage Temperature —65°C to + 150°C 


*Derate molded package 11.8 mW/°C above 25°C. 


Recommended Operating Conditions 

Vee Supply Voltage —4.5V+7% 
Vcc Supply Voltage 5.0V+10% 
Ta, Ambient Temperature 0°C to 85°C 





Maximum Power Dissipation* at 25°C 


Molded Package 1476 mW 


Electrical Characteristics (11 Logic) (Notes 2, 3 and 4) 


TasTATE Ouputcuren [a 
ct ee Sema 


| __Parameter___ | __ Conditions 
Input Low Voltage Veg= —4.5V 
Input High Voltage 


Vee= —4.5V 


Input Low Current 


Conditions | win | Typ | Max 
Strobe to Output Delay C= 50 pF 


Data to Output Delay 


Data Hold Time (Note 6) 
Strobe Pulse Width (Note 6) 


Delay from Chip Select to C= 50 pF 

Active State from Hi-Z State 

Delay from Chip Select to Hi-Z CL= 50 pF ahs 12 22 
State from Active State 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to 85°C ambient temperature range in still air and across the specified supply variations. 
All typical values are for Ta=25°C and nominal supply. Maximum propagation delays are specified with all outputs switching simultaneously. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: When DC testing lay or Ios, only one output should be tested at a time and the current limited to 120 mA max. 

Note 5: Unless otherwise specified, all AC measurements are referenced from the 50% level of the ECL input to the 0.8V level on negative transitions or the 2.4V 
level on positive transitions of the output. ECL input rise and fall times are 0.7 ns + 0.1 ns from 20% to 80%. 

Note 6; Caution should be used when latching data while the outputs are switching. TTL outputs generate severe ground noise when switching. This noise can be 
sufficient to cause the ECL latch to lose data. Board mounting and good supply decoupling are desirable. The worst case conditions are with all outputs switching 
low simultaneously, the maximum capacitive loading on the outputs and the maximum Vcc supply voltage applied. 


C_=50 pF 
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Switching Time Waveforms 


S1 open 


Test Load 


CL 
INCLUDING PROBE 
AND JIG CAPACITANCE 


tpD1 (ns) 


a 
FJ 
nn 


CL—LOAD CAPACITANCE (pF) 


TL/F/5863-5 


tpp2 (ns) 


. TL/F/5863-2 


TL/F/5863-3 


TL/F/5863~4 


CL—LOAD CAPACITANCE (pF) 


Vec=5V + 10% 
- Ta= 25°C 

ALL OUTPUTS 

SWITCHING 


TL/F/5863-6 





VesPsdd 


DP8483 


ZA National 


Semiconductor 


DP8483 TTL to 100k ECL Level Translator with Latch 


General Description 


This circuit translates TTL input levels to ECL output levels 
and provides a fall-through latch. The outputs are gated with 
CS providing for wire ORing of outputs. The strobe and chip 
select inputs operate at ECL levels. 


Logic and Connection Diagram 


Dual-In-Line Package 


TL/F/5864-1 


Top View 


Features 

@ 16-pin DIP or S.O. 

w ECL control inputs 

@ CS provided for wire ORing of output bus 
m 100k ECL I/O compatible 

™ 3.0 ns typical propagation delay 


Truth Table 


H=high level (most positive) 
L=low level (most negative) 
X=don't care 


. Order Number DP8483J, 
DP8483M or DP8483N 
See NS Package Number J16A, M16B or N16A 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Veg Supply Voltage —8V 
Voc Supply Voltage 7V 
Input Voltage (ECL) GND to Veg 
Input Voltage (TTL) —1V to 5.5V 
Output Current 50 mA 


Maximum Power Dissipation* at 25°C 
Molded Package 

Storage Temperature 

*Derate molded package 11.8 mW/°C above 25°C. 


1476 mW 
—65°C to + 150°C 


Recommended Operating 
Conditions 

Vee Supply Voltage 

Vcc Supply Voltage 

Ta, Ambient Temperature 


—4.5V +7% 
5.0V +10% 
0°C to 85°C 


Electrical Characteristics (111 Logic) (Notes 2 and 3) 


Input Low Voltage 


InputHigh Voltage | 


Input Low Current 


Vin = 0.5V 


Input High Current ViIn=2.5V 
Input Clamp Voltage lin=—12mA 


Voc =5.5V 


Supply Current 


Electrical Characteristics (Ect vogic) (Notes 2 and 3) 


Symbol Parameter 


|__ Conditions | Min | Typ 


Input Low Voltage Vee=—45V | -te10 | | -1475 
Input High Voltage Vee= —4.5V -1160 | | 


—880 


Input Low Current vne-tev | | t80 
Input High Current vw=-osv | || 200 


Output Low Voltage 
Output High Voltage | Vee=—45V| 1028 
Output Low Voltage Veg= —4.5V ee — 1610 


Vee= —4.5V 


VoLc 


VoHc Output High Voltage 
lee Supply Current 


Switching Characteristics (Notes 2 and 4) 


Vee= —4.5V 
Vee= —4.8V 


—1810 —1705 — 1620 


eae ee ae ee 


| Parameter |__ Conditions| min | Typ | Max 


| 15 | 30 | 60 
| 25 | 46 | 75 | 
| so | 20 | | 


(Note 4) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrica! Characteristics” provides conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to 85°C ambient temperature range in still air and across the specified supply variations. 


All typical values are for 25°C and nominal supply. 


Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 


otherwise specified. 


Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TTL input and to/from the 50% point of the ECL signal and a 
502 resistor to — 2V is the load. ECL input rise and fall times are 0.7 ns 0.1 ns from 20% to 80%. TTL input characteristics is OV to 3V with t-=t;< 3 ns measured 


from 10% to 90%. 
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Switching Time Waveforms 
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TL/F/5864-2 


TL/F/5864-3 





ZA National 


Semiconductor 


DS1630B/DS3630B Hex CMOS Compatible Buffer 


General Description Features 


The DS1630B/DS3630B is a high current buffer intended 
for use with CMOS circuits interfacing with peripherals re- 
quiring high drive currents. The DS1630B/DS3630B fea- 
tures low quiescent power consumption (typically 50 .W) as 
well as high-speed driving of capacitive loads such as large 
MOS memories. The design of the DS1630B/DS3630B is 
such that Vcc current spikes commonly found in standard 
CMOS circuits cannot occur, thereby, reducing the total 
transient and average power when operating at high fre- 
quencies. 


High-speed capacitive driver 

Wide supply voltage range 

Input/output may interface to TTL 
Input/output CMOS compatibility 

No internal transient Vcc current spikes 
50 pW typical standby power 


Equivalent Schematic and Connection Diagrams 


Vec 


TL/F/5826-1 


Dual-In-Line Package 


IN 6 OUT 5 


OUT 2 IN 2 


IN 5 OUT 4 IN 4 


OUT 3 IN 3 
TL/F/5826-2 


Top View 


Order Number DS1630BJ, DS3630BJ or DS3630BN 
See NS Package Number J14A or N14A 
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DS1630B/DS3630B 


Absolute Maximum Ratings Operating Conditions 


If Military/Aerospace specified devices are required, _ Min Max Units 
please contact the National Semiconductor Sales SupplyVoltage(Vcc) 38 
Office/Distributors for availability and specifications. Temperature (Ta) 


Supply Voltage . 16V DS1630B +125 
Input Voltage : . 3B . 16V DS3es08 Rage 7 
Output Voltage 16V 

Lead Temperature (Soldering, 4 seconds) — 260°C 


Electrical Characteristics (Notes 2 and 3) 


[Parameter [Conditions ————=«|_in—~|_—‘Typ | Max] 
Logical “1” Input Current | Vin = Vcc; lout = —400 pA fosies0B} = | —90.—| 200 | 
josssgon| | 0 | 200 | 
Vin=Voc-20V,lour=16ma |pstesop| | os | 64 
jossesoa| || 40 | 
Logical “0” Input Current { Vin = 0.4V, lout = 16mA lpsie30B} =| 0.15 | 20 | 
Logical ‘‘1” Output Voltage | Vin = Vcc, lout = — 400 pA 
| 
Vin = Vee 0-4V, our = 16 mA 


Logical “0” Output Voltage | Vin = OV, lout = 400 pA fosies08{ =| Sos, | tt | 
-oseeeoe | _|_o7_[ oa. 


Vin = OV, lout = 16mMA DS1630B 


Vin = 0.4V, lout = 16mA DS1630B 


jossesop | 


CL = 250 pF 
C_ = 500 pF 
Propagation Delay to a Logical “1” C_ = 50 pF 
= = 250 pF 


ese fen eo 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operating at these limits. The table of ‘Electrical Characteristics” provides conditions for actua! device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55°C to + 125°C temperature range for the DS1630B and across the 0°C to + 70°C range for 
the DS3630B. All typicals are given for Voc = 5.0V and Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 





Typical Applications 


CMOS to Transmission Line Interface 


74C 74C 
cmos cmos 
FAMILY 0S36308 FAMILY 


[> D TRANSMISSION = 


LINE 
TL/F/5826-3 


CMOS to CMOS Interface LED Driver 
vt 


74C 
CMOS 
FAMILY 0536308 


74C 74C 


CMOS CMOS 
FAMILY FAMILY DS36308 


TL/F/5826-4 


TL/F/5826-5 


AC Test Circuit and Switching Time Waveforms 


INPUT 


ov 


V 
PULSE OH 
GENERATOR . DS36308 OUTPUT 


Vor 


TL/F/5826-8 
Pulse Generator characteristics: PRR = 1.0 MHz, PW = 500 ns, 
TL/F/5826-7 tp = tp < 10. ns, Vin = 0 to Voc 
C, includes probe and jig capacitance 
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DS1630B/DS3630B 


Typical Performance Characteristics 


Vou vs Temperature, 
Vin = Voc - Von Active vs Temperature VoL vs Temperature 


rr zl ar Ga Pe 
FT Ww * Veo - 0.4 
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ae Y | 
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4A National 


Semiconductor 


DS7800/DS8800 Dual Voltage Level Translator 


General Description Features 

The DS7800/DS8800 are dual voltage translators designed = _™@ 31 volt (max) output swing 

for interfacing between conventional TTL or LS voltage lev- m 1 mW power dissipation in normal state 
els and those levels associated with high impedance junc- ™ Standard 5V power supply 

tion or MOS REF-type devices. The design allows the usera —__g_ Temperature range: 


wide latitude in his selection of power supply voltages, thus 
providing custom control of the output swing. The translator 
is especially useful in analog switching; and since low power 
dissipation occurs in the “off” state, minimum system power 
is required. 


Schematic and Connection Diagrams 


V2 
TL/F/5827-1 


Typical Applications 


4-Channel Analog Switch 


+10V 


Siswck 


ANALOG INPUT 1* | 


ANALOG INPUT 2 | 
| 
| 


LEVELS 
ANALOG INPUT 3 | 


ANALOG INPUT 4 | 


ANALOG OUTPUT | 
fe. eo ee eh 


TL/F/5827-3 
*Analog signals within the range of +8V to —8V. 
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DS7800 — 55°C to + 125°C 


. DS88o0 0°C to + 70°C 


Compatible with all MOS devices 


Metal Can Package 


QUTPUT X 
TL/F/5827~2 


Top View 
Order Number DS7800H or DS8800H 
See NS Package Number H10C 


Bipolar to MOS Interfacing 


TL/F/5827~4 
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DS7800/DS8800 


Absolute Maximum Ratings (note 1) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales Supply Voltage, Voc 
Office/Distributors for availability and specifications. DS7800 45 


Voc Supply Voltage 7.0V DS8800 4.75 
V2 Supply Voltage —30v._—Ss Temperature (Ta) 

V3 Supply Voltage 30V Eshi ae 2 
V3-V2 Voltage Differential 40V 

Input Voltage 5.5V 

Storage Temperature —65°C to + 150°C 

Lead Temperature (Soldering, 4 seconds) 260°C 


Maximum Power Dissipation* at 25°C 
Metal Can (TO-5) Package 690 mW 
*Derate metal can package 4.6 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Logical “1” Input Voltage . 
Logical “0” Input Vottage 


Logical “1” Input Current Voc = Max VIN = 2.4V 
Vin = 5.5V 


od ye) 
a Oo 


< 


Logical “0” Input Current Voc = Max, Vin = 0.4V 


Output Sink Current Voc = Min, Vin = 2V, DS7800 
V3 Open DS8800 
lon Output Leakage Voltage Voc = Max, Vin = 0.8V (Notes 4 and 7) 


ak: 
Oo 


Ro Output Collector Resistor Ta = 25°C : 
VoL Logical “0” Output Voltage | Voc = Min, Vin = 2.0V (Note 7) 


Icc(max) | Power Supply Current Voc = Max, Vin = 4.5V (Note 5) 
Output “ON” Per Gate 


ICC(MIN) Power Supply Current Voc = Max, Vin = OV (Note 5) 
Output “OFF” Per Gate 


ep) 


4 
< 
xo) 

. _ 


° 
to 
DN) 


= i) 
an w 


Switching Characteristics 1, = 25°C, nominal power supplies unless otherwise noted 


Symbol Parameter | __— Conditions {Min | Typ | Max 
Transition Time to Logical Ta = 25°C, C = 15 pF (Note 8) 


“0” Output 


_ Transition Time to Logical Ta = 25°C, C = 15 pF (Note 9) 425 
4” Output 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. ; 


Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS7800 and across the 0°C to + 70°C range for 
the DS8800. 





Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Note 4: Current measured is drawn from V3 supply. 

Note 5: Current measured is drawn from Vcc supply. 

Note 6: All typical values are measured at Ta = 25°C with Voc = 5.0V, Vo = —22V, V3 = +8V. 
Note 7: Specification applies for all allowable values of Vo and V3. 

Note 8: Measured from 1.5V on input to 50% level on output. 

Note 9: Measured from 1.5V on input to logic 0” voltage, plus 1V. 
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Theory of Operation 


The two input diodes perform the AND function on TTL in- 
put voltage levels. When at least one input voltage is a logi- 
cal “0”, current from Vcc (nominally 5.0V) passes through 
R; and out the input(s) which is at the low voltage. Other 
than small leakage currents, this current drawn from Vcc 
through the 20 kf. resistor is the only source of power dissi- 
pation in the logical “1” output state. 


When both inputs are at logical ‘'1” levels, current passes 
through Ry and diverts to transistor Q,, turning it on and 
thus pulling current through Re. Current is then supplied to 
the PNP transistor, Qo. The voltage losses caused by cur- 
rent through Q;, D3, and Qo necessitate that node P reacha 
voltage sufficient to overcome these losses before current 
begins to flow. To achieve this voltage at node P, the inputs 
must be raised to a voltage level which is one diode poten- 
tial lower than node P. Since these levels are exactly the 
same as those experienced with conventional TTL, the in- 
terfacing with these types of circuits is achieved. 


Transistor Qo provides ‘‘constant current switching” to the 
output due to the common base connection of Qo. When at 
least one input is at the logical ‘0’ level, no current is deliv- 
ered to Qo; so that its collector supplies essentially zero 
current to the output stage. But when both inputs are raised 
to a logical “1” level current is supplied to Qo. 


Selecting Power Supply Voltage 


The graph shows the boundary conditions which must be 
used for proper operation of the unit. The range of operation 
for power supply Vo is shown on the X axis. It must be 
between ~25V: and —8V. The allowable range for power 
supply V3 is governed by supply Vo. With a value chosen for 
Vo, V3 may be selected as any value along a vertical line 
passing through the Vo value and terminated by the bounda- 
ries of the operating region. A voltage difference between 
power supplies of at least 5V should be maintained for ade- 
quate signal swing. 


Switching Time Waveforms 
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Since this current is relatively constant, the collector of Qo 
acts as a constant current source for the output stage. Logic 
inversion is performed since logical ‘1” input voltages 
cause current to be supplied to Q2 and Q3. And when Qg 
turns on the output voltage drops to the logical ‘‘0” level. 


The reason for the PNP current source, Qo, is so that the 
output stage can be driven from a high impedance. This 
allows voltage V2 to be adjusted in accordance with the 
application. Negative voltages to —25V can be applied to 
Vo. Since the output will neither source nor sink large 
amounts of current, the output voltage range is almost ex- 
clusively dependent upon the values selected for V2 and V3. 


Maximum leakage current through the output transistor Q3 
is specified at 10 »A under worst-case voltage between Vo 
and V3. This will result in a logical ‘1’? output voltage which 
is 0.2V below V3. Likewise the clamping action of diodes Dz, 
Ds, and Dg, prevents the logical “0” output voltage from 
falling lower than 2V above Vo, thus establishing the ouput 
voltage swing at typically 2 volts less than the voltage sepa- 
ration between Vo and V3. 


OPERATING 
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DS78L12/DS88L12 


GA National 


Semiconductor 


DS78L12/DS88L12 Hex TTL-MOS Inverter/Interface Gate 


General Description 


The DS78L12/DS88L12 is a low power TTL to MOS hex _ operated with Vcc levels up to + 14V without resistive pull- 
inverter element. The outputs may be “pulled up” to +14V —_sups at the outputs and still providing a guaranteed logical 
in the logical ‘'1” state, thus providing guaranteed interface ‘‘1” level of Vcc — 2.2V with an output current of —200 pA. 
between TTL and MOS logic levels: The gate may also be 


Schematic and Connection Diagrams 
, Dual-In-Line Package 


TL/F/8584~2 
Top View 


Order Number DS78L12J, DS88L12J, 
DS88L12N and DS78L12W 
See NS Package Number J14A, N14A or W14B 


Note: Shown is schematic for each inverter. TL/F/8584-1 


Typical Applications 


TTL Interface to MOS ROM TTL Interface to MOS ROM 
without Resistive Pull-Up with Resistive Pull-Up 


+12V . +12V 


DS88L12 
DS88L12 


TL/F/8584-3 
TL/F/8584—-4 
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Absolute Maximum Ratings (note 1) Operating Conditions 
If Military/Aerospace specified devices are required, Min Max Units 
please contact the National Semiconductor Sales Supply Voltage (Vcc) 
Office/Distributors for availability and specifications. DS78L12 4.5 5.5 V 
Supply Voltage 15V aia a 4.75 5.25 V 
emperature (Ta 

INDUENONage oN DS78L12 —55 125 °C 
Output Voltage 15V DS88L12 0 70 °C 
Storage Temperature Range —65°C to + 150°C 
Maximum Power Dissipation’* at 25°C 

Cavity Package 1308 mW 

Molded Package 1207 mW 
Lead Temperature (Soldering, 4 sec.) 260°C 


*Derate cavity package 8.72 mW/°C above 25°C; derate molded package 
9.66 mW/°C above 25°C. 


Electrical Characteristics (notes 2 and 3) 


Symbol | ___—Parameter_— | = SSCCondiitfions, =| «Min | ‘Typ | Max | Units 
Vin | Logical“1" InputVoltaga =| Voc=14ov— Cts‘“‘( QO | Ct | CV 
[Voc=Min—(i‘“‘Cé*sr Ort | 

Vi | Logical"o” InputVoltage =| Voc=140v—CC‘dLCSCSEs 4.3 | 
Vers Mine nae for 

VoH | Logical “1” Output Voltage | Vin=0.7V | Voo=14.0V,lour=-200uA | 11.8| 120 | | 
[Voc =Minlour=—200uA | 145 [ 150 | 

[Vin =O0V,Voo=Minlour=~-50uA(Notes) | | | i 
Vo Vin=20V [Voc=140V,lour=12ma_ | | 05 | 10 | 
[Voo=Minlour=36ma | | 0.2 | 04 | 

nm ea | Yoom tao __{_]_si | 
[Voc=Max i rm 


Voc = Max 





<j<[/<|]</<;/<|]<|[< 


= 
> 


Logical ‘1” Input Current 





NH 


E 
= 
> 


Vin=65V |Voo=tsov | | ct | 100 | pA 

[Voo=Max | Tc | 100 | a 

n Logical “O” Input Current =| Vin=04V [Voo=140v | S| - 820 | ~500 | pA 
[Voo=Max || 100 | 180 | pA 

Isc Vour=0V | Voo=140v | = 40 | 25 | 50 | mA 
UREN) eg MS 5 ete a 

ICcH Supply Current—Logical “1” | Vin = OV lVoc=140V) = s—s—‘ié‘*SC*i‘«‘zwLSCiwg2. |]. mA 


Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted 


|______Parameter__— | ~—SCondiitions__— | Min | Typ | Max | U 
Propagation Delay to a Logical “0” pTA= 250 | Yoo = 804 _gue2_—_}_ 27 
Propagation Delay to a Logical “1” | Ta = 25°C | Voc = 5.0V (Figure 2),(Note5) | | 





its 






Symbol 






n 
n 







from Input to Output Voc = 14.0V. (Figure 1) 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. ; 

Note 2: Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DS78L12 and across the 0°C to + 70°C range for 
the DS88L12. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 





Note 4: Only one output at a time should be shorted. 
Note 5: tpg: for Vcc = 5.0V is dependent upon the resistance and capacitance used. 
Note 6: Voy = Voc — 1.1V for the DS88L12 and Voc — 1.4V for the DS78L12. 
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DS78L12/DS88L12 


AC Test Circuits 


Voc * 14.0V 


Vout 


T C, = 15 pF 


For Vcc = 14V 


FIGURE 1 


TL/F/8584-5 


Switching Time Waveforms 


OUTPUT 


i) 
i) 
I 
on 
i [oe 
1 
t 


al C, = 15 pF 


For Vcc = 5.0V TL/F/8584-7 


TL/F/8584-6 t, = ty = 10ns 
FIGURE 2 PW = 100 ns 
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Za National 


Semiconductor 


MM5034/MM5035 


Octal 80-Bit Static Shift Register 


General Description 


The MM5034 octal 80-bit shift register is a monolithic MOS 
integrated circuit utilizing N-channel low threshold enhance- 
ment mode and ion-implanted depletion mode devices. 
The MM5034 is designed for use in computer display pe- 
ripherals. All inputs and outputs are TTL compatible. The 
clocks and recirculate logic are internal to reduce system 
component count, and TRI-STATE® output buffers provide 
bus interface. Because of its N-channel characteristics, sin- 
gle 5V power supply operation is required. 

Simple interface to the NSC CRT DP8350 controller and 
character generator to incorporate an entire CRT terminal is 
feasible with the MM5034. 


The MM5034 is available in a 22-lead dual-in-line package. 


Connection Diagrams 


Dual-In-Line Package 


RECIRCULATE 
OUTPUT 8 


MM5034 


oon DOD On mR WwW dD = 


OUTPUT SELECT 


_— 
_-_ Oo 


Vss 
TL/F/10821~-1 
Top View 


Order Number MM5034N 
See NS Package Number N22A 


The MM5035 is a 20-pin version of the MM5034 with the 
TRI-STATE output select feature omitted, for a simple data 
in/data out operation. 


Features 

m Single 5V power supply 

@ Internal clocks 

w High speed and static operation 

@ TRI-STATE output buffer 

m Recirculate and outut select independent 
@ TTL compatible 


Applications 
@ CRT displays 
mw Computer peripherals 


Dual-In-Line Package 


RECIRCULATE 
OUTPUT 8 
OUTPUT 7 
OUTPUT 6 
OUTPUT 5 
OUTPUT 4 
OUTPUT 3 
OUTPUT 2 
OUTPUT 1 


MM5035 


oO ON MD ORF WwW DS = 


_ 
oO 


Vss 
TL/F/10821-2 
Top View 


Order Number MM5035N 
See NS Package Number N20A 
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SEOSININ/PEOSWN 


MM5034/MM5035 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, Power Dissipation . 750 mW 
please contact the National Semiconductor Sales Storage Temperature Range —65°C to + 150°C 
Office/Distributors for availability and specifications. Lead Temperature (Soldering, 10 sec.) 300°C 


Supply Voltage 7Vpc 
Input Voltage 7Vpc 


Electrical Characteristics vpp = 5v + 5%, Ta = 0°Cto + 70°C 


Parameter Conditions | oin | typ | Max 


Clock Input 
Logical “1” Input Voltage 
Logical ‘‘0” Input Voltage 


Data and Control Inputs 
Logical ‘‘1” Input Voltage 
Logical ‘‘0” Input Voltage 


Data, Clock and Control Inputs 
Logical ‘‘1’* Input Current 
Input Capacitance 


Outputs 
Logical ‘‘1” Output Voltage lout = 100 pA 
Logical ‘‘0” Output Voltage lout = 1.6mA 
TRI-STATE Output Current Vout = 5V 


Supply Current 

Timing 
Clock Frequency 
Clock Pulse Width High (Figure 1) 
Clock Pulse Width Low (Note 1) 
Output Rise and Fall Time (t,, t)) (Figure 1) 
Set-Up Time (Figure 1) 
Hold Time (Figure 1) 
Output Enable Time (Figure 1) 
Output Disable Time (Figure 1) 
Clock Rise and Fall Time (Figure 1) 
Output Delay, (tpp) 


Note 1: The clock input must be a low level for DC storage. Minimum width assumes 10 ns t, and ty. 


3.0 
10,000 
foe] 


50 





Recirculate and TRI-STATE Operation 


Recirculate is used to maintain data in the shift register after shift cell back to the input of the first shift cell for each of the 
it has been loaded. While the shift register is being loaded, 8 registers. 

Recirculate must be at a logical ‘‘0”. When the loading is For the output to be in the TRISTATE mode output-select 
completed, Recirculate should be brought to a logical “1”. should be at the logical ‘1"" level. 

This disables the data input and feeds the output of the last 
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AC Test Circuits and Switching Time Waveforms 


SET-UP HOLD 
TIME TIME 


3v 
DATA INPUT 
Ov 


3k 


50 pF 
3V 
e CLOCK IN 
TL/F/10821-3 Pi 10% 


tppo 
OUTPUT 


DELAY 


OUTPUT DATA LINE 
50 pF 


TL/F/10821 -4 3V 
RECIRCULATE 

CONTROL 

ov 


3V 
OUTPUT SELECT 
ov 
TL/F/10821-5 
FIGURE 1 


Typical Application 


PERIPHERAL VIDEO 
INTERFACE INTERFACE 
' 


'TO 
DE EEE RIS EEE! Gee Tne ny \ ATTRIBUTE 


: DECODE 


REGISTER CHARACTER 


proce sos grits LOAD GENERATOR 
LOGIC DM8678 
DISPLAY 
CONTROL SreUr 
, ee BUS 
a 2 HORIZONTAL 
Ld * “ SYNC 1 ( THREE=TERMINAL 


77 ADDRESS BUS Sed VERTICAL MONITOR 


DP8350 CRT sync _! 
CONTROLLER aT 
SYSTEM CONTROL BUS x1 ENABLE 
DMA CONTROL 1 


itz 





TL/F/10821-6 
FIGURE 2. CRT System Diagram Using the MM5034, MM5035 as a Line Buffer with DMA 
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Section 8 
Frequency Synthesis 





Section 8 Contents 
Frequency Synthesis—Introduction 
Frequency Synthesis—Selection Guide 
DS8614/DS8615/DS8616/DS8617 130/225 MHz Low Power Dual Modulus Prescalers 
DS8627/DS8628 130/225 MHz Low Power Prescalers 
DS8673/DS8674 Low Power VHF/UHF Prescalers 
DS8906 AM/FM Digital Phase-Locked Loop Synthesizer 
DS8907 AM/FM Digital Phase-Locked Loop Frequency Synthesizer 
DS8908B AM/FM Digital Phase-Locked Loop Frequency Synthesizer 
DS8911/DS8913 AM/FM/TV Sound Up-Conversion Frequency Synthesizers 
MM5368 CMOS Oscillator Divider Circuit 
MM5369 Series 17 Stage Oscillator/Divider 
MM5437 Digital Noise Source 
MM54240 Asynchronous Receiver/Transmitter Remote Controller 
AN-335 Digital PLL Synthesis 
AN-512 DS8911 AM/FM/TV Sound Up-Conversion Frequency Synthesizer 





ZA National 


Semiconductor 


Frequency Synthesis 


Frequency synthesis is the process of generating a multi- 
tude of different frequencies from one reference frequency. 
A common application where the frequency synthesis con- 
cept is used is in electronically tuned radios and televisions. 


Digital tuning systems are fast replacing the conventional 
mechanical systems in AM, FM and television receivers. 
The digital approach encompasses the following operation- 
al features: 

Precise tuning of station frequencies 

Exact digital frequency display 

Keyboard entry of desired frequency 

Virtually unlimited station memory 

Up/down scanning through the band 

Station “search” (stop on next active station) 

Power-on to the last station 
m Easy option for time-of-day clock 


In addition, recent developments in large-scale integrated 
circuit technology and new varactor diodes for the AM band 
have made the cost-benefit picture for digital tuning very 
attractive. 


The heart of any digital tuning system is, of course, the 
phase locked loop (PLL) synthesizer. The basic subcompo- 
nents of a digital system are: a voltage controlled oscillator 
(VCO), a phase comparator and some programmable and 
fixed dividers. The PLL’s basic function is to take two input 
signals and match them as illustrated in Figure 7. The output 
of the phase comparator of the PLL is an error signal which 
is filtered and fed back to the VCO as a DC control voltage. 
The DC control voltage adjusts the VCO until it causes the 
phase comparator’s two inputs to match one another. 


The weak point of this simple illustration is that many PLLs 
are fabricated using MOS processes which make them rela- 
tively incapable of receiving high frequency signals. !n fact, 


CRYSTAL 
(FIXED OSC) 


state-of-the-art microCMOS devices are usually limited to 
100 MHz operation. Even the FM band exceeds this limita- 
tion. As a result, a prescaler is almost always used in PLL 
tuning applications such as FM radios, police scanning radi- 
oS, aircraft radios, etc. The prescaler is specifically designed 
to divide high frequency AC input signals down to a usable 
frequency for the PLL. The prescaler becomes an extension 
of the PLL’s programmable counter as illustrated in Figure 
2. 


For less sophisticated tuning applications, a fixed division 
prescaler will make the VCO signal palatable to the PLL and 
be sufficient for general tuning characteristics. However, in 
some applications, a fixed division prescaler can cause sig- 
nificant undesirable side effects such as: 


1. Increased channel spacing (step size) at the output of 
the PLL’s counter; or 


2. A forced decrease of the fixed oscillator reference fre- 
quency in order to obtain specific channel spacing 
which can lead to 


A. increased lock-on time, 
B. decreased scanning rates, and 
C. sidebands at undesirable frequencies. 


AN-335 in this section explains in detail how these two 
shortcomings of fixed division prescaling are alleviated by 
using a dual modulus prescaler. A dual modulus prescaler is 
substituted for the fixed prescaler and is controlled by pro- 
grammable counters in the dual modulus PLL, as illustrated 
by the dotted line in Figure 2. 


In order to address the requirements of digital frequency 
synthesis applications, National has introduced a growing 
family of PLL synthesizers and prescalers. The DS8906, 
DS8907 and DS8908 are complete PLL synthesizers with 
features that go beyond those illustrated in Figure 2. 


FIXED 
DIVIDER 


COMPARATOR LOW PASS 


FILTER 


TL/XX/0108-1 





FIGURE 1 


sisayyuAs Aouanbal4 


Frequency Synthesis 


Highlights 

™ The DS8908 integrates a reference oscillator, phase com- 
parator, charge pump, operational amplifier, 120 MHz 
ECL/Il2L dual modulus programmable divider, and a shift 
register/latch for serial data entry. 

"The DS8614, DS8615, DS8616, DS8617, DS8627, and 


DS8628 represent a broad family of single and dual modu- 
lus prescalers for use in conjunction with other manufac- 


CRYSTAL 
(FIXED OSC) 


FIGURE 2 


turers’ NMOS or CMOS PLLs. These low-power/high- 
speed prescalers are available with division ratios ranging 
from a fixed +20 up to a dual modulus +64/65, This 
array of products allows for the choice of a division ratio 
which is virtually tailored to the speed and tuning require- 
ments of a particular frequency synthesis application. 


FIXED 
DIVIDER 


LOW PASS 
“FILTER 


TL/XX/0108-2 





ZA National 


Semiconductor 


Frequency Synthesizers Selection Guide 


PLL FREQUENCY SYNTHESIZERS 


Product Type Frequency Bands Power (mA) Tuning Resolution 


DS8906_ AM/FM 160 500 Hz/12.5 kHz 
DS8907 AM/FM 160 10 H2z/25 kHz 
DS8908 AM/FM 160 1 kKHz,9 kHz,10 kHz, 20 kHz 
DS8911/13 AM/FM/VHF TV 35 FM; 10, 12.5, 25, 100 kHz 
AM; 1, 1.25, 2.5, 10 kHz 


apiny uONIaIaS ssazisayjUAS AoUanbal4 


AN-335 Digital 
PLL Synthesis 


HIGH FREQUENCY PRESCALERS 


Product Type Divide Modulus Power (mA) | tax | Page No. 


Single (Fixed) Modulus Dividers 


DS8627 ; 130/225 MHz 
DS8628 ; 130/225 MHz 
DS8673 : 1.0 GHz 
DS8674 1.0 GHz 


Dual-Modulus Dividers 
DS8614 130/225 MHz 
DS8615 130/225 MHz 


DS8616 130/225 MHz 
DS8617 130/225 MHz 
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DS8614/DS8615/DS8616/DS8617 


ZA National 


Semiconductor 


DS8614/DS8615/DS8616/DS8617 130/225 MHz 
Low Power Dual Modulus Prescalers 


General Description 


The DS8614 series products are low power dual modulus 
prescalers which divide by 20/21, 32/33, 40/41, and 64/65, 
respectively. The modulus control (MC) input selects divi- 
sion by N when at a high TTL level and division by N + 1 
when at a low TTL level. The clock inputs are buffered, 
providing 40/100 mVrms input sensitivity. The two outputs 
provide the user the option to wire either a totem-pole or 
open-collector output structure. Additionally, the user can 
wire a resistor between the two output pins to minimize 
edge transition emissions. The outputs are designed to 
drive positive edge triggered PLLs. These products can be 
operated from either an unregulated 5.5V to 13.5V source 
or regulated 5V + 10% source. Unregulated operation is ob- 
tained by connecting Vs to the source with Vpaeq open. 
Regulated operation is obtained by connecting both Vs and 
Vreg to the supply source. 


Logic and Connection Diagrams 


The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre- 
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived sepa- 
rately or in conjunction with a phase-locked loop, and it can 
extend the useful range of many inexpensive frequency 
counters to 225 MHz. 


Features 

m Input frequency: 130 MHz (-4); 225 MHz (-2) 

m. Low power: 10 mA (-4, -2) 

@ Input sensitivity: 100 mVrms (-4); 40 mVrms (-2) 

@ Pin compatible with Motorola MC12015-17 prescalers 
m Unregulated/regulated power supply option 


Generalized + N/N +1 


MODULUS 

CONTROL 2 
H=+N 
L=+N+1 


a 


2 
© UPPER OUTPUT 


3 
O LOWER OUTPUT 


TL/F/5240-1 


Dual-in-Line Package 


UPPER OUTPUT 


LOWER OUTPUT 


GROUND 


TL/F/5240-2 


Top View 


Order Number DS8614N-4, DS8615N-4, DS8616N-4, DS8617N-4, 
DS8614N-2, DS8616N-2, DS8614M-4, DS8615M-4, DS8616M-4 or DS8617M-4 
See NS Package Number NO8E, M08A 





Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Modulus Control Input Voltage 7V 
Open-Collector Output Voltage 7V 
Operating Free Air Temperature Range + —30°C to +70°C 


Vs, Unregulated Supply Voltage 15V 


Storage Temperature Range —65°C to + 150°C 
Vrec, Regulated Supply Voltage 7V 


Recommended Operating Conditions 


DS8614-4 DS8614-2 

DS86 15-4 DS8615-2 
Parameter DS8616-4 DS8616-2 

DS8617-4 DS8617-2 


Unregulated Supply Voltage | Vrea= Open | 68 | 195 | 55 | 135 | 
Regulated Supply Voltage Vs and Vpgg Shorted gen ei ee 


Toggle Frequency Vin = 100 mVrms 


Input Signal Amplitude 


Slew Rate 


eT ea" 
[| LowLevelOutputcurent | | | to || 


DC Electrical Characteristics (Notes 2 and 3) 


“ _— 


Z+98SG/9198S0/SL98SC/rlL98Sd 


DS8614-4 
DS8615-4 


DS8614-2 
DS8615-2 
DS8616-2 
ares 


DS8616-4 
ae ae 





Vin High Level MC Input Vs = 13.5V, VReG = Open 
Voltage 


VIL Low Level MC Input 


VreG = Vs = 4.5V 
Voltage 
VoH High Level Output lOoH = —0.4 mA, = = 
Voltage Pins 2 and 3 Shorted Vrea —2 Vrea —2 
Open-Collector High Lower Output = 5.5V 400 
Level Output 
Low Level Output Vrec = 4.5V, lol = 2mA 
Voltage 
Max MC Input Current Vs = 13.5V, VReG = Open, 
Vin = 7V 
High Level MC Input Vreg = 4.5V, Vin = 2.7V 
Current. 
Low Level MC Input Vs = 13.5V, Vaeq = Open, _ _ 
Sie an = : 
Supply Current, Vs = 13.5V, Vaeqg = Open fk 
Unregulated Mode 
IREG Supply Current, Vs = Vrec = 5.5V 10 nik 
Regulated Mode 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Unless otherwise specified Min/Max limits apply across the —30°C to + 70°C range. 


Note 3: All current into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown as 
Max or Min on absolute value basis. 





DS8614/DS8615/DS8616/DS8617 


AC Electrical Characteristics voc = 5v +10%, Ta = —30°C to + 70°C 


| Parameter | Conations | Min. | Max 
‘woouius | ModuiusSetUpTime | pseera | 
(Notes4ands)  L_ossesoseers | Ts 
fosss7 | 

| ACInputesistance | Vin= 100MHzands0mvems | 1.0 | 

| inputGapacitance | Vin = 100MHzand 60mvims | 3 | 10 _ 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the —30°C to +70°C temperature range. 


Note 3: All currents into device pins are shown as positive, out of device pins as nogative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 


Note 4: tyoputus = the period of time the modulus contro! level must be defined prior to the positive transition of the prescaler output to ensure proper modulus 
selection. 


Note 5: See Timing Diagrams. 


Timing Diagram 


OUTPUT 
WAVEFORM 


MODULUS CONTROL 
INPUT WAVEFORM 


twopuLus 
TL/F/5240-3 


The logical state of the modulus control input just prior to the output's rising edge will determine the modulus ratio of the device 
immediately following that rising edge. The pulse width difference of Nand N + 1 operation occurs during the output = HI conditions. 


Typical Applications 


12v 
O 
7 


UNREGULATED ) 


1 


TL/F/5240-4 . TL/F/5240-5 


Schematic Diagrams 


VREG Vrec 


200 
CONTROL ied 
2 
UPPER QUTPUT 
q | 


LOWER OUTPUT 


TL/F/5240-7 





= TL/F/5240-8 
TL/F/5240-6 





Application Hints 


OPERATING NOTES 


The signal source is usually capacitively coupled to the in- 
put. At higher frequencies a 0.001 F input capacitor (C1) is 
usually sufficient, with larger values used at the lower fre- 
quencies. If the input signal is likely to be interrupted, it may 
be desirable to connect a 100 kf resistor between one in- 
put and ground to stabilize the device. In the single-ended 
mode, it is preferable to connect the resistor to the unused 
input. In the differential mode, the resistor can be connected 
to either input. The addition of the 100 kQ. pulldown resistor 
causes a loss of input sensitivity, but prevents circuit oscilla- 
tions under no signal (open circuit) conditions. In addition, in 


the single ended mode, a capacitor of 0.001 uF (C2) should 
be connected between the unused input and the ground 
plane to provide a good high frequency bypass. The capaci- 
tor should be made larger for lower frequencies. 


The input waveform may be sinusoidal, but below about 
20 MHz the operation of the circuit becomes dependent on 
the slew rate of the input rather than amplitude. A square 
wave input with a slew rate of greater than 20 V/s will 
permit correct operation down to lower frequencies, provid- 
ed the proper input coupling capacitor is provided. 

For regulated mode operation connect Vs to Vragc to en- 
sure proper operation (see Typical Application diagram). 
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DS8627/DS8628 


Za National 


Semiconductor 


DS8627/DS8628 130/225 MHz Low Power Prescalers 


General Description 


The DS8627 and DS8628 are low power fixed ratio prescal- 
ers which divide by 24 and 20, respectively. The inputs can 
be driven either single or double-ended and they are buff- 
ered, providing 40/100 mVrms input sensitivity. The output 
provided is open-collector and is capable of interfacing with 
TTL and CMOS. 


The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre- 
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived 


Logic and Connection Diagrams 


separately or in conjunction with a phase-locked loop, and it 
can extend the useful range of many inexpensive frequency 
counters to 225 MHz. 


Features 

Input frequency: 130 MHz (-4, -3); 225 mHz (-2, std) 

m Low power: 10 mA (-4, -2); 7 mA (-3, std) 

m Input sensitivity: 100 mVrms (-4, -3); 40 mVrms (-2, std) 


DS8627 (= 24) 


TL/F/5009-1 


TL/F/5009-2 


TL/F/5009-3 


Top View 
Order Number DS8627N or DS8628N (-4, -3, -2) 
See NS Package Number NO8E 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, Open-Collector Output Voltage 7V 


please contact the National Semiconductor Sales Operating Free Air Temperature Range —30°C to + 70°C 
Office/Distributors for availability and specifications. Storage Temperature Range ~65°C to + 150°C 


Voc Supply Voltage 7V 
Vin Input Voltage a < Vec 


8298S0/2298Sd 


Recommended Operating Conditions 
Parameter Conditions DS8628-4 DS8628-3 DS8628-2 DS8628 
[Min | Max | min | Max | Min | Max_ 
| Supplyvotage | | 4 | 55 | a5 | 55 | 45 | 55 | 45 | 55 
| Togale Frequency | Viv = 100mvims | 20 | 130 | 20 | 130 | 20 | 226 | 20 
| inputSignal Amplitude | | 100 | 00 | 100 | 300 | 40 | 300 | 40 | 00 | mvims 


|Siowrate | Cf 
| LowLevelOutputcurent | | ts | tls ||| | 


DC Electrical Characteristics (Notes 2 and 3) 


DS8627-4 DS8627-3 DS8627-2 DS8627 
Parameter DS8628-4 DS8628-3 DS8628-2 DS8628 
Open-Collector High Level Output | Output = 5.5V | | oo} 


Low Level Output Voltage Voc = 4.5V, 0.4 0.4 0. 
lol = 3mA 


| Supply Curent | Voo=58v_ | | 10 | 


AC Input Resistance 
Input Capacitance 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 





Note 2: Unless otherwise specified min/max limits apply across the ~30°C to + 70°C temperature range. 


Note 3: All currents into device pins are shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 








DS8627/DS8628 


Application Hints 


OPERATING NOTES 


The signal source is usually capacitively coupled to the in- 
put. At higher frequencies a 0.001 yF input capacitor is usu- 
ally sufficient, with larger values used at the lower frequen- 
cies. If the input signal is likely to be interrupted, it may be 
desirable to connect a 100 kf resistor between one input 
and ground to stabilize the device. In the single-ended 
mode, it is preferable to connect the resistor to the unused 
input. In the differential mode, the resistor can be connected 
to either input. The addition of the 100 kf. pull-down resistor 
causes a loss of input sensitivity, but prevents circuit oscilla- 


Schematic Diagrams 


Vec 


TL/F/5009-4 


Typical Application 


C1 
0.001 »F 


fin 


tions under no signal (open circuit) conditions. In addition, in 
the single ended mode, a capacitor of 0.001 F should be 
connected between the unused input and the ground plane 
to. provide a good high frequency bypass. The capacitor 
should be made larger for lower frequencies. 


The input waveform may be sinusoidal, but below about 20 
MHz the operation of the circuit becomes dependent on the 
slew rate of the input rather than amplitude. A square wave 
input with a slew rate of greater than 20 V/ps will permit 
correct operation down to lower frequencies, provided the 
proper input coupling capacitor is provided. 


‘TL/F/5009-5 


0S8627/ 


TL/F/5009-6 





ZA National 


Semiconductor 


DS8673/DS8674 Low Power VHF/UHF Prescalers 


General Description 


The DS8673 and DS8674 products are low power prescal- 
ers which divide by 64 and 256 respectively. The devices 
are used in frequency synthesis applications such as TV/ 
CATV, cellular phone, and instrumentation to divide a very 
high frequency down to a frequency usable by low power 
MOS PLL’s. 


The devices have differential buffered inputs and comple- 
mentary ECL outputs. The inputs provide high input sensitiv- 
ity and good isolation. The DS8673 is pin compatible with 
Plessey's SP4531, SP4632, and Motorola's MC12073 prod- 


Block and Connection Diagrams 


ucts. The DS8674 is pin compatible with Plessey’s SP4653 
and Motorola’s MC12074 products. 


Features 

@ 1.0 GHz operating frequency 

mw 25 mA typical supply current 

@ 20 mV rms input sensitivity 

@ 0.8V complementary ECL outputs 
m Low output radiation 


Dual-In-Line Package 


NC 
IN1 
IN2 
GND 


vcc 


TL/F/9340-1 


Top View 


Order Number DS8673N or DS8674N 
See NS Package Number NO8E 


vec/2 


3 0S8673; P=64, R=5000 
2 DS8674; P=256, R=1K2 


TL/F/9340-2 
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DS8673/DS8674 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 7V 


Output Voltage 

Operating Free Air Temperature Range 
Storage Temperature Range 

ESD rating is to be determined. 


Voc + 0.5V 
—40°C to + 85°C 
— 65°C to + 150°C 


Input Voltage — . 7V 


Recommended Operating Conditions 


ee ee ne 
Power Supply VottgeRange | fs | | 8 
Input Frequency Range win feof 1,000 


Input Sensitivity into 500 80 MHz 
300 MHz 

500 MHz 

700 MHz 

1 GHz 


DC Electrical Characteristics 


Conditions ee ee 
Power Supply Current Voc = 5.5V a 





Output Voltage Swing Peak-to-Peak 
(no load) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Typical Applications 


Typical Wiring Configuration 


TL/F/9340-3 
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Typical Applications (continuea) 


Typical Input Impedance 


Reference value = 50 
Vi (rms) = 25 mV 

Voc = 5V 

Waveshape is TBD 


fin (MHz) 
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TL/F/9340-4 


TL/F/9340-5 
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DS8906 


ZA National 


Semiconductor 


DS8906 AM/FM Digital Phase-Locked Loop Synthesizer 


General Description 


The DS8906 is a PLL synthesizer designed specifically for 
use in AM/FM radios. It contains the reference oscillator, a 
phase comparator, a charge pump, a 120 MHz ECL/I2L 
dual modulus programmable divider, and a 20-bit shift regis- 
ter/latch for serial data entry. The device is designed to 
operate with a serial data controller generating the neces- 
sary division codes for each frequency, and logic state infor- 
mation for radio function inputs/outputs. 


The Colpitts reference oscillator for the PLL operates at 4 
MHz. A chain of dividers is used to generate a 500 kHz 
clock signal for the external controller. Additional dividers 
generate a 12.5 kHz reference signal for FM and a 500 Hz 
reference signal for AM/SW. One of these reference signals 
is selected by the data from the controller for use by the 
phase comparator. Additional dividers are used to generate 
a 50 Hz timing signal used by the controller for “‘time-of- 
day”. 

Data is transferred between the frequency synthesizer and 
the controller via a 3 wire bus system. This consists of a 
data input line, an enable line and a clock line. When the 
enable line is low, data can be shifted from the controller 
into the frequency synthesizer. When the enable line is tran- 
sitioned from low to high, data entry is disabled and data 
present in the shift register is latched. 


From the controller 22-bit data stream, the first 2 bits ad- 
dress the device permitting other devices to share the same 
bus. Of the remaining 20-bit data word, the next 14-bits are 
used for the PLL divide code. The remaining 6 bits are con- 
nected via latches to output pins. These 6 bits can be used 
to drive radio functions such as gain, mute, FM, AM, LW and 
SW only. These outputs are open collector. Bit 18 is used 
internally to select the AM or FM local oscillator input and to 
select between the 500 Hz and 12.5 kHz reference. A high 
level at bit 18 indicates FM and a low level indicates AM. 


The PLL consists of a 14-bit programmable |2L divider, an 
ECL phase comparator, an ECL dual modulus (p/p + 1) 
prescaler, and a high speed charge pump. The programma- 
ble divider divides by (N+ 1), N being the number loaded 
into the shift register (bits 1-14 after address). It is clocked 
by the AM input via an ECL + 7/8 prescaler, or through a + 
63/64 prescaler from the FM input. The AM input will work 
at frequencies up to 8 MHz, while the FM input works up to 
120 MHz. The AM band is tuned with a frequency resolution 
of 500 Hz and the FM band is tuned with a resolution of 12.5 
kHz. The buffered AM and FM inputs are self-biased and 
can be driven directly by the VCO thru a capacitor. The ECL 
phase comparator produces very accurate resolution of the 
phase difference between the input signal and the reference 
oscillator. 


The high speed charge pump consists of a switchable con- 
stant current source (—0.3 mA) and a switchable constant 
current sink (+0.3 mA). If the VCO frequency is low, the 
charge pump will source current, and sink current if the VCO 
frequency is high. 

A separate Vccw pin (typically drawing 1.5 mA) powers the 
oscillator and reference chain to provide controller clocking 
frequencies when the balance of the PLL is powered down. 


Features 

m Uses inexpensive 4 MHz reference crystal 

m@ Fix capability greater than 120 MHz allows direct syn- 
thesis at FM frequencies 

m= FM resolution of 12.5 kHz allows usage of 10.7 MHz 
ceramic filter distribution 
Serial data entry for simplified control 
50 Hz output for “time-of-day” reference with separate 
low power supply (Vccm) 
6-open collector buffered outputs for band switching 
and other radio functions 
Separate AM and FM inputs. AM input has 15 mV (typi- 
cal) hysteresis 


Connection Diagram 
Dual-In-Line Package 


BIT 19 OUT 


20 BIT 18 OUT 
FM/AM 


BIT 20 OUT BIT 17 OUT 


DS8906 


TL/F/5775—1 
Top View 


Order Number DS8906N 
See NS Package Number N20A 
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Absolute Maximum Ratings (note 1) 










If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
please contact the National Semiconductor Sales — Lead Temperature (Soldering, 4 seconds) 260°C 
Office/Distributors for availability and specifications. ; a 
Supply Voltage Operating Conditions 
(Vcc) 7V Min Max Units 
(Vocm) 7V Supply Voltage, Vcc 
Input Voltage 7V Vcc 4.75 5.25 V 
Output Voltage 7V Vocm 4.5 6.0 V 
Temperature, Ta 0 70 °C 





DC Electrical Characteristics (notes 2 and 3) 


Symbol a ee ee Pa Te Units 
Vin Logical “1” Input Voltage ee eg v 
ee cE 

All Bit Outputs, 50 Hz Output | Voy=5.25V 
[s00KHe Output =| Vou=24V.veou=aav——SS*d?CSSC*d;SCSC*di | 
a a 
All Bit Outputs loL=5mA 
[50 He Output S00 2 Ouiput|ign=250nA——S~—~—S~SSSC*dCSC*d' | 
lout Charge Pump Output Current 1.2V<Vout<Vccm— 1.2V |PumpUp _| —0.10| -0.30| —0.6 | mA 
rarstares | | 0 | 2100| nA 


ICCM(OPERATE) | Vocm Supply Current Voom = 6.0V, Voc =5.25V, 25 see 
. All Other Pins Open j 


AC Electrical Characteristics voc = 5v, T, = 25°C, t, < 10 ns, tf < 10ns 


ViN(MIN)(E) | Fin Minimum Signal Input AMandFM Inputs,0’C<Ta<7oc | | _-20-~ | 100 | mv(rms) 
Vinewaxyce) | Fin Maximum Signal Input AM and FM Inputs, 0°C < 7 < 70°C | 1000 | 1500 aes mV (rms) 


(Sine Wave et oc < <Ta < 70°C oh 60 o MHz 


tEN1 Minimum ENABLE ‘High 

Pulse Width 1250 ns 
tENo Minimum ENABLE Low 

Pulse Width 375 750 ns 


tcLKENOo Minimum Time before ENABLE 
Goes Low that CLOCK must —50 ns 
be Low. 

tENOCLK Minimum Time after ENABLE 

- | Goes Low that CLOCK must 275 550 ns 

Remain Low 

aa cores ost PL om fo 

00 




















































Goes High that Last Positive 
CLOCK Edge May Occur 
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DS8906 


AC Electrical Characteristics voc = 5v, Ta = 25°C, t, < 10 ns, t; < 10 ns (Continued) 


| Parameter | Conditions| min | typ | Max _| 


tENICLK Minimum Time After ENABLE 
Goes High Before an Unused 175 
Positive CLOCK Edge May Occur 
Minimum CLOCK High 275 
Pulse Width 
Minimum CLOCK Low 
Pulse Width S| | 0 ovo | 


Minimum DATA Setup Time, 
Minimum Time Before CLOCK 
that DATA Must be Valid 


Minimum DATA Hold Time, 

Minimum Time After CLOCK 

that DATA Must Remain Valid 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C temperature range for the DS8906. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Schematic Diagrams (Dss906 AM/FM PLL Typical Input/Output Schematics) 


Vec1 7 DIODE RAIL 
FROM Vcocu 


BIT OUTPUTS, 

; 50 Hz OUTPUT 
DATAIN, 
ENABLE 


TL/F/5775-3 


TL/F/5775-2 


TL/F/5775-4 


COLPITTS ~. 194 DIODE 
OSCILLATOR RAIL 


CLOCK IN 
(HYSTERESIS) ~~ TO 2 DIODE 
RAIL 


TL/F/5775-6 
TL/F/5775-5 





Schematic Diagrams (pss906 AM/FM PLL Typical Input/Output Schematics) (Continued) 


Vocm Vec1 Veer 


CAP 
Vec1 Vect BYPASS 


CHARGE 
PUMP OUT 


TL/F/5775-7 TL/F/5775-8 


Timing Diagrams* 
ENABLE vs CLOCK 


tEN1 tENO 


1.5V 


teLKL tCLKH tcLKEN1 tcLKENO 


TL/F/5775-9 


CLOCK vs DATA 


TL/F/5775-10 


AM/FM Frequency Synthesizer (Scan Mode) 


CLOCK PULSE { { i , } ! ! t i i ! 20 


Hr 
PLL ADDRESS DATA BITS 
1,1 BITS 1-14, +N CODE (LSB FIRST) 
BITS 15-20, OUTPUT BITS 


NEGATIVE TRANSITION ON POSITIVE TRANSITION ON 
ENABLE CLEARS PREVIOUS ENABLE LATCHES IN NEW 
ADDRESS. CLOCK MUST BE CODE IF PLL IS ADDRESSED. 
LOW DURING TRANSITION. 


*Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. TL/F/5775-11 
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DS8906 


Applications Information 


SERIAL DATA ENTRY INTO THE DS8906 


Serial information entry into the DS8906 is enabled by a low 
level on the ENABLE input. One binary bit is then accepted 
from the DATA input with each positive transition of the 
CLOCK input. The CLOCK input must be low for the speci- 
fied time preceding and following the negative transition of 
the ENABLE input. 


The first 2 bits accepted following the negative transition of 
the ENABLE input are interpreted as address. If these ad- 
dress bits are not 1,1, no further information will be accept- 
ed from the DATA inputs, and the internal data latches wil/ 
not be changed when ENABLE returns high. 

If these first 2 bits are 1,1, then all succeeding bits are ac- 
cepted as data, and are shifted successively into the inter- 
nal shift register as long as ENABLE remains low. 

Any data bits preceding the 20th to last bit will be shifted 
out, and are thus irrelevant. Data bits are counted as any 
bits following 2 valid (1,1) address bits with the ENABLE 
low. 


When the ENABLE input returns high, any further serial data 
input is inhibited. Upon this positive transition of the 
ENABLE, the data in the internal shift register is transferred 
into the internal data latches. 


8-20 


Note that until this time, the states of the internal data latch- 

es have remained unchanged. 

These data bits are interpreted as follows: 

DATA BIT POSITION DATA INTERPRETATION 
Last Bit 20 Output (Pin 2) 
2nd to Last Bit 19 Output (Pin 1) 
3rd to Last Bit 18 Output (FM/AM) (Pin 20) 
4th to Last Bit 17 Output (Pin 19) 
5th to Last Bit 16 Output (Pin 18) 
6th to Last Bit 15 Output (Pin 17) 
7th to Last MSBofN (213) 
8th to Last (212) 
9th to Last (211) 
10th to Last (210) 
11th to Last (29) 
12th to Last (28) 
13th to Last (27) 
14th to Last (28) 
15th to Last (25) 
16th to Last (24) 
17th to Last (23) 
18th to Last (22) 
19th to Last (21) 
20th to Last LSBofN (20) 


Note. The actual divide code is N+ 1, i.e., the number loaded plus 1. 


+N 





Typical Application 
Electronically Tuned Radio Controller System; Direct Drive LED 


5V-SWB+ 


POSSIBLE MODULE 
INSIDE DOTTED LINE 


DISPLAY 


KEYBOARD 
6x4 


MM5450 


DRIVER 


use BRIGHTNESS (40-PIN) 


COPs 
Vsg CONTROLLER 
(20 PINS) 
COP&20L ENABLE 


4 4 FROM RADIO 
“STATION DETECT” 


0.01 uFd | 100 pF 0.1 uFd TO VCO's 


OSceE CAP FMIN AM IN 1 uF 


BYPASS 220 47k 
CHARGE | 
PUMP OUTIL 
DATA = - 
pseso6 BIT 15 OUT 


CLOCK PLL SYNTHESIZER BIT 16 OUT 


(20-PIN) TO CONTROL CIRCUITS 
BIT 17 OUT (MUTE, GAIN, AM, FM, SW, LW, 
sei: BIT 18 OUT STEREO, ETC) 


BIT 19 OUT 
50 Hz BIT 20 OUT 


GND 


CBPLL 
SYNTHESIZER 
(OPTIONAL) 


UNSWITCHED SWITCHED B+ 
Bt TO RADIO 


TL/F/5775-12 
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DS8906 


Logic Diagram 


DATA INPUT 
CLOCK 


AM/FM PLL Synthesizer 


CHARGE 
PUMP 
OUT 


SELECT 
Vecm 
6.0V, 1.5mA 


(TYPICAL) 


TO 
REFERENCE 


* 
500 kHz DIVIDER 


od 4 Hz 


MODULUS CONTROL 


e +718 a AM/FM - 37/8 
PRESCALER SELECT PRESCALER 


ECL ECL ECL 


BITS 1-14 g ” 
14-BIT S/R 
LSB FIRST 

LATCHES 


CONTROL 


LOGIC ’ ° 
AND BIT 16 BIT 16 BIT.17 BIT 18 BIT 19 BIT 20 


ADDRESS** OUT OUT OUT OUT OUT OUT 
(2-BIT) FM/AM 


TL/F/5775-13 


*Sections operating from Voc supply 


**Address (1, 1) 
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DS8907 AM/FM Digital 


Phase-Locked Loop Frequency Synthesizer 


General Description 

The DS8907 is a PLL synthesizer designed specifically for 
use in AM/FM radios. It contains the reference oscillator, a 
phase comparator, a charge pump, a 120 MHz ECL/I@L 


dual modulus programmable divider, and an 18-bit shift reg- - 


ister/latch for serial data entry. The device is designed to 
operate with a serial data controller generating the neces- 
sary division codes for each frequency, and logic state infor- 
mation for radio function inputs/outputs. 


The Colpitts reference oscillator for the PLL operates at 
4 MHz. A chain of dividers is used to generate a 500 kHz 
clock signal for the external controller. Additional dividers 
generate a 25 kHz reference signal for FM and a 10 kHz 
reference signal for AM. One of these reference signals is 
selected by the data from the controller for use by the 
phase comparator. 


Data is transferred between the frequency synthesizer and 
the controller via a 3 wire bus system. This consists of a 
data input line, an enable line, and a clock line. When the 
enable line is low, data can be shifted from the controller 
into the frequency synthesizer. When the enable line is tran- 
sitioned from low to high, data entry is disabled and data 
present in the shift register is latched. 


From the controller 20-bit data stream, the first 2 bits ad- 
dress the device permitting other devices to share the same 
bus. Of the remaining 18-bit data word, the next 13 bits are 
used for the PLL divide code. The remaining 5 bits are con- 
nected via latches to output pins. These 5 bits can be used 
to drive radio functions such as gain, mute, FM, AM and 
stereo only. These outputs are open collector. Bit 16 is used 
internally to select the AM or FM local oscillator input and to 
select between the 10 kHz and 25 kHz reference. A high 
level at bit 16 indicates FM and a low level indicates AM. 


The PLL consists of a 13-bit programmable |2L divider, an 
ECL phase comparator, an ECL dual modulus (p/p + 1) pre- 
scaler, and a high speed charge pump. The programma- 


Connection Diagram 


0S8907 


ble divider divides by (N+1), N being the number loaded 
into the shift register (bits 1-13 after address). It is clocked 
by the AM input via an ECL +7%% prescaler, or through a 
+ 634, prescaler from the FM input. The AM input will work 
at frequencies up to 15 MHz, while the FM input works up to 
120 MHz. The AM band is tuned with a frequency resolution 
of 10 kHz and the FM band is tuned with a resolution of 
25 kHz. The buffered AM and FM inputs are self biased and 
can be driven directly by the VCO through a capacitor. The 
ECL phase comparator produces very accurate resolution 
of the phase difference between the input signal and the 
reference oscillator. The high speed charge pump consists 
of a switchable constant current source (—0.3 mA) anda 
switchable constant current sink (+ 0.3 mA). If the VCO fre- 
quency is low, the charge pump will source current, and sink 
current if the VCO frequency is high. When using an AFC 
the charge pump output may be forced into TRI-STATE® by 
applying a low level to the charge pump enable input. 

A separate Vccw pin (typically drawing 1.5 mA) powers the 
oscillator and reference chain to provide controller clocking 
frequencies when the balance of the PLL is powered down. 


Features 

m Uses inexpensive 4 MHz reference crystal 

@ Fin capability greater than 120 MHz allows direct syn- 
thesis at FM frequencies 

g@ FM resolution of 25 kHz allows usage of 10.7 MHz ce- 
ramic filter distribution 
Serial data entry for simplified control 

a 50 Hz output for ‘‘time-of-day” reference driven from 
separate low power Voom 
5-open collector buffered outputs for controlling various 
radio functions 

ma Separate AM and FM inputs. AM input has 15 mV (typi- 
cal) hysteresis 


Dual-In-Line Package 


20 BIT 16 OUT 
M/AM 


Order Number DS8907N 
See NS Package Number 
N20A 


TL/F/7511=1 


Top View 
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Absolute Maximum Ratings (Note 1) Storage Temperature Range —65°C to + 150°C 


If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 4 sec.) 260°C 
please contact the National Semiconductor Sales 


Office/Distributors for availability and specifications. Operating Conditions 

Supply Voltage Min Units 
(Voc1) 7V Supply Voltage, Voc 
(Vocm) 7V Voc1 4.75 

Input Voltage 7V Vccm 4.5 

Output Voltage 7V Temperature, Ta 0 


DC Electrical Characteristics (notes 2 and 3) 
Symbol 


Vin Logical “1” Input Voltage 
iH Logical “1” Input Current 


Logical ‘‘1” Output Current VonH = 5.25V 
All Bit Outputs, 50 Hz Output | | 8 | 
= arassgarme fore fae 
All Bit Outputs 
[50 He Output, S00 Hz Output ign = 250nASSCS~=~“~*~*~“‘*~*~SCS~‘“‘“S*C‘C*«‘*d*‘C‘ 
icomstanbey) | Voom Supply Curent | Voom = 60V, AlOtherPins Open «| —+«dt-_48 ‘| 40_| 


lout Charge Pump Ougtput Current | 1.2V < Vout $< Vocm —1.2V Pump Up | —0.10| -0.30] —0.6 | 


TRI-STATE | 0 | +100 | 
IccM(OPERATE) | Vccm Supply Current Veco = 6.0V, Voc = 5.25V, 
All Other Pins Open 


AC Electrical Characteristics voc = 5v, T, = 25°C, t, < 10 ns, f < 10ns 


Vinonnye) | Fin Minimum Signal input | AMandFMinputs, °C <Tas7O0 |__| 20 | 100 | mVv(rms) 

Vivowaxy) | Fv Maximum Signalinput | AMandFM Inputs, 0° <Ta< 70° | 1000 | 1600 |_| mV (ms 
ine Wave Input PC <s Ta < 70° [FM | co | 120 

FiN(FM) | AC input Resistance, FM | 120MHzViv=100mVvems —=SS*; «OO || 

Fin(AM) | ACInputResistance,AM | 2MHz,Vin= 100mVims ——=«éié tooo || 


ten Minimum ENABLE High 

Pulse Width 625 | 1250 
tENo Minimum ENABLE Low 

Pulse Width 375 750 


tcLKENo Minimum Time Before ENABLE 
Goes Low That CLOCK Must 
Be Low 


tENOCLK Minimum Time After ENABLE 
Goes Low That CLOCK Must 
Remain Low 


tCLKEN1 Minimum Time Before ENABLE 





Goes High That Last Positive 
CLOCK Edge May Occur 








AC Electrical Characteristics voc = 5v, Ta = 25°C, t, < 10 ns, ty < 10 ns (Continued) 


Conditions | Min | Typ | Max | units 


teNnicLkK | Minimum Time After ENABLE 
Goes High Before an Unused 175 
Positive CLOCK Edge May Occur 
Minimum CLOCK High 275 
Pulse Width 
Minimum CLOCK Low 
Pulse Width Lf ee F200 | 


Minimum DATA Setup Time, 
Minimum Time before CLOCK 
That DATA Must Be Valid 


Minimum DATA Hold Time, 
Minimum Time after CLOCK 
That DATA Must Remain Valid 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 40°C to +85°C temperature range for the DS8907. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


Schematic Diagrams (0s8907 AM/FM PLL typical Input/Output Schematics) 


Vec1 Veer Vcecm 


20k 

{CHARGE PUMP 

ENABLE ONLY) 
DATAIN, ENABLE,» CLOCK IN 
CHARGE PUMP ENABLE (HYSTERESIS) 


CHARGE 
PUMP OUT 


TL/F/7511-2 
TL/F/7511-4 


BIT OUTPUTS, 
60 Hz OUTPUT 


TL/F/7511-3 


TL/F/7511-5 


7 DIODE RAIL Veer VYec1 
FROM Voc 


COLPITTS TO 4 DIODE na 
OSCILLATOR * RAIL Vec1 Ycct Bypass 


-. 70.2 O10DE 
RAIL #50 


aoa 500 kHz 


TL/F/7511-6 
TL/F/7511-7 


TL/F/7511-8 
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Timing Diagrams* 


tENI—— — tENO 


1.5V 


tENOCLK tCLKL tCLKH 


tCLKEN1 


ENABLE vs CLOCK 


tENICLK tCLKENg 


TL/F/7511-9 


CLOCK vs DATA 


OV 


TL/F/7511-10 


AM/FM Frequency Synthesizer (Scan Mode) 


{ 4 


CLOCK PULSE { { f 4b bob 4 


1 2 3 4 5 


ye 
PLL ADDRESS DATA BITS 
1,1 BITS 1-13, +N CODE (LSB FIRST) 
BITS 14-18, OUTPUT BITS 


NEGATIVE TRANSITION ON 


POSITIVE TRANSITION ON 
ENABLE CLEARS PREVIOUS 


ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 


ENABLE LATCHES IN NEW 
CODE IF PLL IS ADDRESSED. 


TL/F/7511-11 


*Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. 


SERIAL DATA ENTRY INTO THE DS8907 


Serial information entry into the DS8907 is enabled by a low 
level on the ENABLE input. One binary bit is then accepted 
from the DATA input with each positive transition of the 
CLOCK input. The CLOCK input must be low for the speci- 
fied time preceding and following the negative transition of 
the ENABLE input. 


The first two bits accepted following the negative transition 
of the ENABLE input are interpreted as address. If these 
address bits are not 1,1 no further information will be ac- 
cepted from the DATA inputs, and the internal data latches 
will not be changed when ENABLE returns high. 


If these first two bits are 1,1, then all succeeding bits are 
accepted as data, and are shifted successively into the in- 
ternal shift register as long as ENABLE remains low. 


Any data bits preceding the 18th to last bit will be shifted 
out, and thus are irrelevant. Data bits are counted as any 
bits following two valid address bits (1,1) with the ENABLE 
low. When the ENABLE input returns high, any further serial 
data entry is inhibited. Upon this positive transition, the data 
in the internal shift register is transferred into the internal 
data latches. Note that until this time, the states of the inter- 
nal data latches have remained unchanged. 
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These data bits are interpreted as follows: 
Data Bit Position Data Interpretation 
Last Bit 18 Output (Pin 2) 
2nd to Last Bit 17 Output (Pin 1) 
3rd to Last Bit 16 Output (FM/AM) (Pin 20) 
4th to Last Bit 15 Output (Pin 19) 
5th to Last Bit 14 Output (Pin 18) 
6th to Last MSB of +N (212) 
7th to Last (211) 
8th to Last (210) 
9th to Last (2°) 
10th to Last (28) 
11th to Last (27) 
12th to Last (28) 
13th to Last (25) 
14th to Last (24) 
15th to Last (23) 
16th to Last (22) 
17th to Last (21) 
18th to Last LSB of +N (20) 


Note: The actual divide code is N+ 1, i.e., the number loaded plus 1. 
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DS8907 


Logic Diagram 


AM/FM PLL/Synthesizer (Serial Data 20-Pin Package) 


CHARGE 
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*Sections operating from Vocm supply. 
**Address (1, 1) 
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Za National 


Semiconductor 


DS8908B AM/FM Digital Phase-Locked 
Loop Frequency Synthesizer 


General Description 


The DS8908B is a PLL synthesizer designed specifically for 
use in AM/FM radios. It contains the reference oscillator, a 
phase comparator, a charge pump, an operational amplifier, 
a 120 MHz ECL/I2L dual modulus programmable divider, 
and a 19-bit shift register/latch for serial data entry. The 
device is designed to operate with a serial data controller 
generating the necesary division codes for each frequency, 
and logic state information for radio function inputs/outputs. 


A 3.96 MHz pierce oscillator and divider chain generate a 
1.98 MHz external controller clock, a 20 kHz, 10 kHz, 9 kHz, 
and a 1 kHz reference signals, and a 50 Hz time-of-day 
signal. The oscillator and divider chain are sourced by the 
Vocm Pin thus providing a low power controller clock drive 
and time-of-day indication when the balance of the PLL is 
powered down. 


The 21-bit serial data steram is transferred between the fre- 
quency synthesizer and the controller via a 3-wire bus sys- 
tem comprised of a data line, a clock line, and an enable 
line. 


The first 2 bits in the serial data stream address the synthe- 
sizer thus permitting other devices such as display drivers to 
share the same bus. The next 14 bits are used for the 
PLL(N+1) divide code. The 15th bit is used internally to 
select the AM or FM local oscillator input. A high level on 
this bit enables the FM input and a low level enables the AM 
input. The 16th and 17th bits are used to select one of the 4 
reference frequencies. The 18th and 19th bits are connect- 
ed via latches to open collector outputs. These outputs can 
be used to drive radio functions such as gain, mute, AM, 
FM, or charge pump current source levels. 


The PLL consists of a 14-bit programmable I@L divider, an 
ECL phase comparator, an ECL dual modulus (p/p + 1) pre- 
scaler, a high speed charge pump, and an operational am- 
plifier. The programmable divider divides by (N+ 1), N being 
the number loaded into the shift register. The programmable 
divider is clocked through a + 7% prescaler by the AM input 
or through a + 6%, prescaler by the FM input. The AM input 
will work at frequencies up to 15 MHz, while the FM input 
works up to 120 MHz. The VCO can be tuned with a fre- 
quency resolution of either 1 kHz, 9 kHz, 10 kHz, or 20 kHz. 
The buffered AM and FM inputs are self-biased and can be 
driven directly by the VCO through a capacitor. The ECL 
phase comparator produces very accurate resolution of the 
phase difference between the input signal and the reference 
oscillator. The high speed charge pump consists of a 
switchable constant current source and sink. The charge 
pump can be programmed to deliver from 75 pA to 750 pA 
of constant current by connection of an external resistor 
from pin Reproaram to ground or the open collector bit out- 
puts. Connection of programming resistors to the bit outputs 
enables the controller to adjust the loop gain for the particu- 
lar reference frequency selected. The charge pump will 
source current if the VCO frequency is high and sink 


current if the VCO frequency is low. The low noise opera- 
tional amplifier provided has a high impedance JFET input 
and a large output voltage range. The op amp’s negative 
input is common with the charge pump output and its posi- 
tive input is internally biased. 


Features 

ag Uses inexpensive 3.96 MHz reference crystal 

@ Fixy capability greater than 120 MHz allows direct syn- 
thesis at FM frequencies 

g FM resolution of either 10 kHz or 20 kHz allows usage 
of 10.7 MHz ceramic filter distribution: 
Serial data entry for simplified control 
50 Hz output for time-of-day reference driven from sep- 
arate low power Vccm 
2 open collector buffered outputs for controlling various 
radio functions or loop gain 
Separate AM and FM inputs; AM input has 15 mV (typi- 
cal) hysteresis 
Programmable charge pump current sources enable ad- 
justment of system loop gain 
Operational amplifier provides high impedance load to 
charge pump output and a wide voltage range for the 
VCO input 


Connection Diagram 
Dual-In-Line Package 


BIT 18 OUT Vec2 


OP AMP 
BIT 19 OUT GROUND 
OP AMP 


DATA OUT 


CHARGE PUMP 
CLOCK OUT 


ENABLE DS8908B 





TL/F/5111-1 


Top View 
Order Number DS8908BN 
See NS Package Number N20A 
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€8068SG 


DS8908B 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
please contact the National Semiconductor Sales Lead Temperature (Soldering, 4 seconds) - 260°C 
Office/Distributors for availability and specifications. 


Supply Voltage Operating Conditions 
(Vec1) (Vecm) 7 Min 
(Voca) 17V Voct 4.5 


Input Voltage 7 Voce Vec1 + 1.5 
Output Voltage wv Vocm 3.5 


Temperature, Ta —40 


DC Electrical Characteristics (notes 2 and 3) | : 


symbol | Parameter | Conditions | Min__| Typ | Max | units 
r 
mete : 


Logical “0” Output Voltage 


All Bit Outputs lo. = 5mA 


50 Hz Output, 1.98 MHz Output | Io. = 250 pA ff os | 
1.98 MHz Output lo = 20 pA, Ta > 70°C 0.3 
lo. = 20 pA, Ta < 70°C 0.4 


Supply Current (Voci) All Bit Outputs High | || t60 


Vocm Supply Current Vocom = 5.5V, All Other Pins Open | | | 4.0 | 

Charge Pump Ougtput Current | 3.33k < Rprog < 33.3k Pump Up | 20 | Iprog | +20 | 
lout Measured between +20 
alias ae pDown | -20 | prog | +20 | 


lcce Voce Supply Current Voom = 5V, Vcci = 5.5V, Voce = 15V 6.7 44° 3 
All Other Pins Open : 


OPyou | Op Amp Minimum High Level | Voci = 4.5V, loy = —750 pA Voce —0.4 
OPyoL | Op Amp Maximum Low Level | Voc = 5.5V, lo, = 750 pA 


CPOgias | Charge Pump Bias Voltage CPO Shorted to Op Amp Output 
CPO = TRI-STATE 
Op Amp Io: 750 pA vs — 750 pA 





[| Parameter | Conditions, 
Vinq(miny(F) | Fin Minimum Signal Input AM and FM Inputs, — 40°C < Ta < 85°C 
VIN(MAX)(F)_ | Fin Maximum Signal input AM and FM Inputs, —40°C < Ta, < 85°C 1000 
M 


Foperate | Operating Frequency Range Vin = 100 mV rms 
(Sine Wave Input) —40°C < Ta, < 85°C 
Rin(FM) AC Input Resistance, FM 120 MHz, Vin = 100 mV rms 


Rin(AM) AC Input Resistance, AM 15 MHz, Vin = 100 mV rms 1000 
Input Capacitance, FM and AM | Vin = 120 MHz (FM), 15 MHz (AM) 


Minimum ENABLE High 
Pulse Width 
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g8068sd 


Conditions Min | typ_| Max | units 


Minimum ENABLE Low 
Pulse Width P| ate | 


tcLKENo | Minimum Time before ENABLE 
Goes Low That CLOCK Must 
Be Low 


Minimum Time after ENABLE 
Goes Low That CLOCK Must 
Remain Low 


tcLKEN1 | Minimum Time before ENABLE 
Goes High That Last Positive 
CLOCK Edge May Occur 


Minimum Time after ENABLE 
Goes High before an Unused 
Positive CLOCK Edge May Occur 


Minimum CLOCK High 975 

Pulse Width 

Minimum CLOCK Low 

Pulse Width | eee | 0 


Minimum DATA Set-Up Time, 
Minimum Time before CLOCK 
That DATA Must Be Valid 


Minimum DATA Hold Time, 
Minimum Time after CLOCK 
That DATA Must Remain Valid 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 


they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the —40°C to + 85°C temperature range for the DS8908B. 


Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values shown as 
max or min on absolute value basis. 


Schematic Diagrams (0ss9088 AM/FM PLL Typical Input/Output Schematics) 


Vec1 Yoc1 Vee 


DATA IN 
ENABLE 


RPROGRAM 


TL/F/5111-4 8 
BIT OUTPUTS 
0 


R 
50 Hz OUTPUT 


TL/F/5111-2 TL/F/5111-3 
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DS8908B 







2-DIODE V 
RAIL ris 
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TL/F/5111-6 
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Schematic Diagrams (continued) 


Timing Diagrams* 


tENOCLK 


OP AMP 
OUTPUT 


TL/F/5111-9 


ENABLE vs CLOCK 


tENo 


tCLKL tCLKH tCLKEN! 


TL/F/5111-10 


CLOCK vs DATA 


TL/F/5111~11 
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DS8908B 


Timing Diagrams*® (Continued) 


AM/FM Frequency Synthesizer (Scan Mode) 


ENABLE | ——— ee | 
| 


CLOCK PULSE | { 


a 
PLL ADDRESS 


NEGATIVE TRANSITION ON 
ENABLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 


io $ $4 


14 15 16 17 18 19 
DATA BITS 


BITS 1-14, “N CODE (LSB FIRST) 


BIT 15, AM/FM SELECT BIT 
BITS 16-17, REFERENCE FREQUENCY SELECT BITS 
BITS 18-19, OUTPUT BITS 


POSITIVE TRANSITION ON 
ENABLE LATCHES IN NEW 
CODE IF PLL IS ADDRESSED. 


TL/F/5111-12 


*Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. 


SERIAL DATA ENTRY INTO THE DS8908B 


Serial information entry into the DS8908B is enabled by a 
low level on the ENABLE input. One binary bit is then ac- 
cepted from the DATA input with each positive transition of 
the CLOCK input. The CLOCK input must be low for the 
specified time preceding and following the negative tran- 
sition of the ENABLE input. 


The first two bits accepted following the negative transition 
of the ENABLE input are interpreted as address. If these 
address bits are nof 1,1 no further information will be ac- 
cepted fromt he DATA inputs, and the internal data latches 
will not be changed when ENABLE returns high. 


If these first two bits ave 1,1, then all succeeding bits are 
accepted as data, and are shifted successively into the in- 
ternal shift register as long as ENABLE remains low. 


Any data bits preceding the 19th to last bit will be shifted 
out, and thus are irrelevant. Data bits are counted as any 
bits following two valid address bits (1,1) with the ENABLE 
low. When the ENABLE input returns high, any further serial 
data entry is inhibited. Upon this positive transition, the data 
in the internal shift register is transferred into the internal 
data latches. Note that until this time, the states of the inter- 
nal data latches have remained unchanged. 


Truth Table 


These data bits are interpreted as follows: 

Data Bit Position Data Interpretation 
Last Bit 19 Output (Pin 2) 

2nd to Last Bit 18 Output (Pin 1) 

3rd to Last Ref. Freq. Select Bit(1)17 
4th to Last Ref. Freq. Select Bit(1)16 
5th to Last AM/FM Select Bit 15 
6th to Last (213) 

7th to Last (212) 

8th to Last (211) 

9th to Last (210) 

10th to Last (29) 

11th to Last (28) 

12th to Last (27) 

13th to Last (26) 

14th to Last (25) 

15th to Last (24) 

16th to Last (23) 

17th to Last _ (2?) 

18th to Last (21) 

19th to Last LSB of +N(29) 

Note 1: See Reference Frequency Select Truth Table. 

Note 2: The actual divide code is N+ 1, ie., the number loaded plus 1. 


Reference Frequency Selection Truth Table 


Seria! Data 
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Reference 
Frequency 





Typical Application 


Electronically Tuned Radio Controller System; Direct Drive LED 
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DS8908B 


AM/FM PLL/Synthesizer (Serial Data 20-Pin Package) 


1.98 MHz 


* * * * 
OSC B 
50 Hz 
| oe | OUTPUT 
_ ae SCC ’ 
3.96 MHz * 


weibeig 91607] 
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a Semiconductor 


DS8911/DS8913 AM/FM/TV Sound 
Up-Conversion Frequency Synthesizer 


General Description 


The DS8911 is a digital Phase-Locked Loop (PLL) frequen- 
cy synthesizer intended for use as a Local Oscillator (LO) in 
electronically tuned radios. The device is used in conjunc- 
tion with a serial data controller, a loop filter, some varactor 
diodes and several passive elements to provide the local 
oscillator function for both AM and FM tuning. 


The conventional superheterodyne AM receiver utilizes a 
low IF or down conversion tuning approach whereby the IF 
is chosen to be below the frequencies to be received. The 
DS8911 PLL on the other hand, utilizes an up-conversion 
technique in the AM mode whereby the first IF frequency is 
chosen to be well above the RF frequency range to be 
tuned. This approach eliminates the need for tuned circuits 
in the AM frontend since the image, half IF, and other spuri- 
ous responses occur far beyond the range of frequencies to 
be tuned. Sufficient selectivity and second IF image protec- 
tion is provided by a crystal filter at the output of the first 
mixer. 


A significant cost savings can be realized utilizing this up- 
conversion approach to tuning. Removal of the AM tuned 
circuits eliminates the cost of expensive matched varactor 
diodes and reduces the amount of labor required for align- 
ment down from 6 adjustments to 2. Additional cost savings 
are realized because up-conversion enables both the AM 
and FM bands to be tuned using a single Voltage Controlled 
Oscillator (VCO) operating between 98 and 120 MHz. (The 
2 to 1 LO tuning range found in conventional AM down con- 
version radios is reduced to a 10% tuning range; 9.94 MHz 
to 11.02 MHz). 

Up-conversion AM tuning is accomplished by first dividing 
the VCO signal down by a modulus 10 to obtain the LO 
signal. This LO in turn is mixed on chip with the RF signal to 
obtain a first IF at the MIXER output pins. This first IF after 
crystal filtering is mixed (externally) with a reference fre- 
quency provided by the PLL to obtain a 450 kHz second IF 


frequency. The DS8911 derives the 450 kHz second IF by 
mixing an 11.55 MHz first IF with a 12.00 MHz reference 
frequency. 

FM and WB (weather band) tuning is done using the con- 
ventional down conversion approach. Here the VCO signal 
is buffered to produce the LO signal and then mixed on chip 
with the RF signal to obtain an IF frequency at the MIXER 


output pins. This IF frequency is typically chosen to be 10.7. 


MHz although placement at 11.50 MHz can further enhance 
AM mode performance and minimize IF circuitry. 

The PLL provides phase comparator reference frequencies 
of 10, 12.5, 25, and 100 kHz. The tuning resolutions result- 
ing from these reference frequencies are determined by di- 
viding the reference by the premix modulus. Table || shows 
the tuning resolutions possible. 

The DS8911 contains the following logic elements: a volt- 
age controlled oscillator, a reference oscillator, a 14-bit pro- 
grammable dual-modulus counter, a reference frequency di- 
vider chain, a premix divider, a mixer, a phase comparator, a 
charge pump, an operational amplifier, and control circuitry 
for latched serial data entry. 

The DS8913 includes all the above logic elements except 
that it requires a 10 MHz reference frequency instead of 
12 MHz. 


Features 

a Direct synthesis of LW, MW, SW, FM, and WB 
frequencies 

O Serial data entry for simplified processor control 

oO 10, 12.5, 25, and 100 kHz reference frequencies 

o 8 possible tuning resolutions (see Table Il) 

g An op amp with high impedance inputs for loop filtering 

a Programmable mixer with high dynamic range 
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DS8911/DS8913 


Connection Diagram 
Plastic Chip Carrier 
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TL/F/7398-8 


Order Number DS8911V/DS8913V 
See NS Package Number V28A 


Pin Descriptions 

Voc1: The Vcc; pin provides a 5V supply source for all 
circuitry except the reference divider chain, op amp and mix- 
er sections of the die. 

Voce: The Voce pin provides a 12V supply source for the 
Op amp. 

Veci: The Vcct pin provides an isolated 5V supply source 
for the premix divider and mixer functions. 


Vecm: The Vccw pin provides a 5V supply source for the 
reference oscillator and divider chain down through the 50 
Hz output, thus enabling low standby current for time-of-day 
clock applications. 


GND1, GND2, GNDL and GNDM: Provide isolated circuit 
ground for the various sections of the device. 


DATA and CLOCK: The DATA and CLOCK inputs are for 
serial data entry from a controller. They are CMOS inputs 
with TTL logic thresholds. The 24-bit data stream is loaded 
into the PLL on the positive transition of the CLOCK. The 
first 14 bits of the data stream select PLL divide code in 
binary form MSB first. The 15th through 24th bits select the 
premix modulus, the reference frequency, the bit output 
status, and the test/operate modes as shown in Tables | 
through V. 

ENABLE: The ENABLE input is a CMOS input with a TTL 
logic threshold. The ENABLE input enables data when at a 
logic “one” and latches data on the transition to a logic 
“zero”. 
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BIT Outputs: The open-collector BIT outputs provide either 
the status of shift register bits 22, 23, and 24 or enable 
access to key internal circuit test nodes. The mode for the 
bit outputs is controlled by shift register bits 20 and 21. In 
operation, the bit outputs are intended to drive radio func- 
tions such as gain, mute, and AM/FM status. These outputs 
can also be used to program the loop gain by connection of 
an external resistor to IPROG. Bit 24 output can also be 
used as a 300 millisecond timer under control of shift regis- 
ter bit 19. During service testing, these pins can be used for 
the purpose of either monitoring or driving internal logic 
points as indicated in the TEST MODES description under 
Table V. 


VCOb and VCOe: The Voltage Controlled Oscillator inputs 
drive the 14-bit programmable counter and the premix divid- 
er. These inputs are the base and emitter leads of a transis- 
tor which require connection of a coil, varactor, and several 
capacitors to function as a Colpitts oscillator. The VCO is 
designed to operate up to 225 MHz. The VCO’s minimum 
operating frequency may be limited by the choice of refer- 
ence frequency and the 961 minimum modulus constraint of 
the 31/32 dual modulus counter. 

RF+ and RF—: The Radio Frequency inputs are fed differ- 
entially into the mixer. 

IMXR: The bias current for the mixer is programmed by con- 
nection of an external resistor to this pin. The total mixer 
output current equals 4 times the current entering this pin. 


MIXER and MIXER: The MIXER outputs are the collectors 
of the double balanced pair mixer transistors. They are in- 
tended to operate at voltages greater than Vcc1. 


OSCb and OSCc: The Reference Oscillator inputs are part 
of an on-chip Pierce oscillator designed to work in conjunc- 
tion with 2 capacitors and a crystal resonator. The DS8911 
requires a 12 MHz crystal to derive the reference frequen- 
cies shown in Table II. The DS8913 requires 10 MHz crystal. 


The 12 MHz OSC signal is also used externally as the 2nd 
AM LO to obtain a 450 kHz 2nd IF frequency in the AM 
mode. 


2 MHz: The 2 MHz output is provided to drive a controller’s 
clock input. 

50 Hz: The 50 Hz output is provided as a time reference for 
radios with time-of-day clocks. 


IPROG: The IPROG pin enables the charge pump to be 
programmed from 0.25 mA to 1.0 mA by connection of an 
external resistor to ground. 


CPO: The Charge Pump Output circuit sources current if the 
VCO frequency is high and sinks current if the VCO frequen- 
cy is low. The CPO is wired directly to the negative input of 
the loop filter op amp. 

OP AMP: The OP AMP output is provided for loop filtering. 
The op amp has high impedance PMOS gate inputs and is 
wired as a transconductance amplifier/filter. The op amp’s 
positive input is internally referenced while its negative input 
is common with the CPO output. 





Reference Tables 
TABLE! 


| itis | Premix Modulus 


TABLE Il 
St elroy |__tunn soar —_ 
16 | a7 | Fresuency | = 1Premix | +10 Premix_ 
0 | o | tore | tone | tke | 
0 | 1 | tasite | rasite | 125K 
p14 | o | aske | 25uHz | ask | 
| 1] + | took | tookHe | toKHe | 


TABLE Ill 


Bite | Mode 


, Production Test 
Mode Only 
*The user should always load Bit 18 low. 


TABLE IV 


pitta Timer 


TIMER OPERATION 


The timer function is provided for use as a retriggerable 
“one shot” to enable muting for approximately 300 millisec- 
onds after station changes. The timer is enabled at bit 24’s 
output if the normal operating mode is selected (shift regis- 
ter bits 20 and 21 = ‘‘LOW”) and shift register bit 19 data is 
latched as a “HI”. The timer’s output state will invert imme- 
diately upon latching bit 19 “HI and remain inverted for 
approximately 300 milliseconds. If the user readdresses the 
device with bit 19 data “LOW” before the timer finishes its 
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cycle the timer’s BIT 24 output will finish out the 300 ms 
pulse. Readdressing the device with bit 19 “HI” before the 
timer finishes its cycle will extend the BIT 24 output pulse 
width by 300 ms. Addressing should be performed immedi- 
ately after the 50 Hz output transitions “HI”. BIT 24’s output 
state is not guaranteed during the first 300 ms after Vcc, 
power up as a result of a timer reset in progress. 


TABLE V 


PINS 3, 4, & 5 
| i {| tt Testmodes 


TEST MODE OPERATION 


Test Mode 1: Enables the BIT output pins to edge trigger 
the phase comparator inputs and monitor an internal lock 
detector. BIT 22 negative edge triggers the reference divid- 
er input of the phase comparator if the reference divider 
state is low. BIT 23 provides the open collector ORing of the 
phase comparator’s pump up and down outputs. BIT 24 
negative edge triggers the N counter input of the phase 
comparator if the N counter state is preconditioned low. 


Test Mode 2: Enables the BIT outputs to clock the pro- 
grammable N counter, monitor its output, and force either its 
load or count condition. BIT 22 provides the N counter out- 
put which negative edge triggers the phase comparator and 
which appears low one N counter clock pulse before it re- 
loads. BIT 23 positive edge triggers the N counter’s clock 
input if the prescaler’s output is preconditioned HI. BIT 24 
clears the N counter output so that loading will occur on the 
next N counter clock edge. 


Test Mode 3: Enables the BIT outputs to clock the 50 Hz 
and 10 kHz reference dividers and monitor the reference 
divider input to the phase comparator. BIT 22 positive edge 
clocks the 10 kHz reference divider chain if the 10 kHz out- 
put is preconditioned HI. BIT 23 positive edge clocks the 50 
Hz divider chain. BIT 24 is the reference divider negative 
edge trigger input to the phase comparator. 
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DS8911/DS8913 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 


please contact the National Semiconductor Sales Lead Temp. (Soldering, 10 seconds) 

Office/Distributors for availability and specifications. - 

Supply Voltage ~ Operating Conditions 
Vccm 7V Min 
Vec1 7V 
Voce2 15V Voom 3.5 

Input Voltage 7V Voct 4.5 


Output Voltage Voce 7.0 
Logic 7V Temperature, Ta —40 


Op Amp and Mixer Outputs 15V Mixer Ipias 
ESD Sensitivity 1000V (Mixer + Mixer Current) 1 


DC Electrical Characteristics (notes 2 and 3) 


300°C 


| Max | Units 


Vv 


TCagie"O"inputvotege | SSCS 


Logic ‘1” Input Current Vin = 5.5V 


Logic “1” Input Current Data, Clock and Enable Inputs, Vij = 7V 


Logic “0” Input Current Data, Clock and Enable Inputs, Vij, = OV ae aaa 


Output Voltage 


eae: 
<|<|<|<|<] <|/<|/</§/§ 


Logic “0” 2 MHz lo. = 20 pA 
Output Voltage od lo. = 400 pA 
lo. = 1.0 mA 
Op Amp I/O Shorted, Voc1 = 5.5V, Voce = 12V, 
CPO = TRI-STATE®, Op Amp lox vs. lo. Applied 
High Level Voc1 = 4.5V, Vo = 8.8V 


Voct = Vec1 = 4.5V, Vo = 12V 
Charge Pump Program 0.25 mA < Icpo < 1.0mMA —30 
ae ieee OSS =a 
TRI-STATE 


IccmM Vocm Supply Current Vocm = 5.5V, OSCC = High 

(Static) 
loo1 + | Voc1 + Voor Voc = 5.5V, Bits Hi, Imxp and IpRog Open 
loci Supply Current 


Ioce Voce Supply Current Voce = 12V 


Mixer Mixer + Mixer Voc1 = Voc = 5.5V, Mixer = Mixer = 12V 
IBIAS Current (Note 4) 


RFin Mixer Input Max Mixer Ipiag = 20 mA 
Signal Level RF + or RF— Signal Level 


oO 
oa 


i) 
a 


= 
ai 


—25 4 Ix 


av 


+ ine) (ee) + —_ — hs 
nm He a Sl1ol8 





300 


oO 
ph 


2 IPROG 
2 lpROG 


10 
100 


1 
> 


cc 
co 
ris 


De) 
(=) 
Oo 


a 


+3 


% 


mVrms 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 


they are not meant to imply that the device should be operated at these limits. 
Note 2: Unless otherwise specified, min/max limits apply across the — 40°C to + 85°C temperature range. 


Note 3: All currents into device pins are shown as positive, out of device pins as negative, all voltage referenced to ground unless otherwise noted. All values 


shown as maximum or minimum on absolute value basis. 
Note 4: Tota! mixer output current (Mixer + Mixer) = 4 times the current into the Iyxp pin. 
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AC Electrical Characteristics (note 2) 


symbol__| Parameter |——Conditions, 
20%-80% Rise Time 
-2 


80%-20% Fall Time 
DATAsy Data Setup Time 


DATAW Data Hold Time 


ENsu Enable Setup Time 


Voc = 4.5V to 5.5V 


ENy Enable Hold Time 

ENpw+ Enable Positive Pulse Width 
CLKpw+ Clock Positive Pulse Width 
CLKpw_— Clock Negative Pulse Width 


VCO fmax 


OSC fmax Reference Oscillator Vocm = 3.5V 
Max Frequency 


Timing Diagram 


v 
CCl ENABLE 
ov 


v 
Cl crock 
ov 


TL/F/7398-10 


MICROWIRE™ Bus Format 


DATA [ro] 17oq7yryo o7Ff1 170 OF 17oO oO 
CLOCK TL] 


ENABLE 


BIT 22 OUTPUT 


BIT 23 OUTPUT 


BIT 24 OUTPUT 300 MS —> 


1 2 eee 13 14 | 115) 7/16 17] |18) }19; | 20 21 | 22 23 24 
i ala MSB  =N CODE LSB a 
PREMIX SELECT BIT OUTPUTS 
REFERENCE FREQUENCY SELECT TEST MODE CONTROLS 


PRODUCTION TEST BIT TIMER CONTROL 
TL/F/7398-19 
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€168S/1168Sd 


DS8911/DS8913 


IF Tuning 
Frequency Range 
(MHz) (MHz) 


11.55/.450 | .145-.290 112.4-114.1 (es ee ee ee | 
t0__| 10, 12.5, 25, 100 _| 


11.55/.450 515-1.61 99.4-110.2 


162.4-162.6 151-152 


87.4-108.1 98.1-118.8 
59.75-87.75 70.45-98.45 


Reference Tuning 


Premix ; 
Frequency Resolution 
Modulus (kHz) 


10, 12.5, 25, 100 1, 1.25, 2.5, 10 


10, 12.5, 25, 100 10, 12.5, 25, 100 
12.5, 25 12.5, 25 


11.55/.450 5.94-6.2 53.5 to 56.1 10 10, 12.5, 25 1, 1.25, 2.5 


179.75-215.75 | 169.1-205.1 


Input and Output Schematics 


4 (V = 0.8) 


= ———— -2009 
MIXER I Buss 


R 


I yxp RESISTOR CALCULATION 
TL/F/7398-11 


TL/F/7398-12 
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109-130 
140-142 


158-194 





input and Output Schematics (continue) 


Veo — Veal CRYSTAL - 
OSCILLATOR 


€168SG/}168Sd 


12, S0Hz — 


15 GNDM = 15 | GNDM 


S0Hz 2 MHz 
OUTPUT OUTPUT TL/F/T998~14 
BUFFER BUFFER 


TL/F/7398-13 


PIN 9 ENABLE PIN 18 BIT 22 


PIN 10 CLOCK PIN 19 BIT 23 
PIN 11 DATA PIN 20 BIT 24 


(SAME SCHEMATIC 
AS ENABLE, 
CLOCK AND 


DATA BUFFERS) BIT OUTPUTS 


(ONE OF THREE) 


INPUT 
BUFFERS 


(ONE OF THREE) 


OUTPUT 


OP AMP INPUT AND 
CHARGE PUMP OUTPUT 





TL/F/7398-17 TL/F/7398-18 
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DS8911/DS8913 


Logic Diagram 


DS8911/DS8913 PLL Synthesizer 
OSCh O0SCc 
MIXER RIKER Y | 


EI Ts 
{\ +20, 80, 160, 200 


© Vec2 


Tz LOADICOUNT 
(NOTE 1) OP AMP 


Y OUTPUT 
VC0b © 14-BIT PROG N COUNTEA 
VCOe © 7 ae 10 


24-BIT SHIFT REGISTER/LATCH 
2 


Voc. GND CONTROL BIT OUTPUT 
J LOGIC DECODER 


OATA CLK EN BIT BIT BIT 
eee TL/F/7398-4 


Note 1: The 14 bit programmable N counter is a dual modulus counter with 31/32 prescaler. The minimum continuous modulus of the N counter is 961. 
‘(There are a limited number of valid modulus codes below 961.) 


“The DS8913 has + 5 


Typical Application Diagram 
AM/FM ETR Radio Application 


DISPLAY 
DRIVER DISPLAY 


ANTENNA 
V 


. LOOP 
Re 7 


J st 1 SERIAL DATA MICROPROCESSOR 


2MHz CLOCK 


12 MHz 
ee 450 KHz 
PEs ee = aah dal 
Pe A CONTROL 


11.55 MHz AM IF & 
CRYSTAL FILTER DETECTOR 

11.50 MHz FM IF & 
CERAMIC FILTER DETECTOR 





> 


TL/F/7398-5 
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Wiring Diagrams 
Configuration Using PLL and First Mixer Functions 


VTUNE 10 
RF FRONT END 


AM IF OUT 


24 = R23 
4k 3 


r 


cis 
39 
i Ton,, 
12uHz OUT sv TL/F/7398-20 


Configuration Using PLL with LO Bypassing Mixer 


c o1 


R10 


VTUNE To 
RF FRONT END aK 


C10 


Tico pf 


(BOTTOM View) 


“The mixer is de-biased by the 
1002 resistor on the RF+ 
pin to act as an output buffer 
for the LO signal. 


aie! SH ci7 


12uHz OUT TL/F/7398-21 
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MM5368 


ZANational 


Semiconductor 


MM5368 CMOS Oscillator Divider Circuit 


General Description 

The MM5368 is a CMOS integrated circuit generating 50 or 
60 Hz, 10 Hz, and 1 Hz outputs from a 32 kHz crystal 
(32,768 Hz). For the 60 Hz selected output the input time 
base is divided by 546.133, for the 50 Hz mode it is divided 
by 655.36. The 50/60 Hz output is then divided by 5 or 6 to 
obtain a 10 Hz output which is further divided to obtain a 
1 Hz output. The 50/60 Hz select input can be floated for a 
counter reset. 


Block and Connection Diagrams 


osc , 6 
IN 


DECODE 
& 


SELECT 
LOGIC 


COUNTER RESET 
(QN-CHIP) | 


Features 

50/60 Hz output | 

1 Hz output 

10 Hz output 

Low power dissipation 

Fully static operation 

Counter reset 

3.5V-15V supply range 

On-chip oscillator—tuning and load capacitors are the 
only required external components besides the crystal. 
(For operation below 5V it may be necessary to use an 
~ 1 MQ pullup on the oscillator output to insure start- 
up.) 


50/60 Hz 
OUTPUT 


10 Hz 
OUTPUT 


1Hz 
OUTPUT 


TL/F/6133-1 


FIGURE 1 


Dual-In-Line Package 


50/60 Hz OUT Vop 


50/60 Hz SELECT 


1 Hz OUTPUT OSC OUT 


TL/F/6133-2 


Top View 
FIGURE 2 


Order Number MM5368N 
See NS Package Number NO8E 





Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 
Voltage at Any Pin —0.3V to Vpp +0.3V 
Operating Temperature 0°C to +70°C 
Storage Temperature —65°C to + 150°C 


16V 
3.5V < Vpp < 15V 
300°C 


Maximum Vpp Voltage 
Operating Vpp Range 
Lead Temperature (Soldering, 10 sec.) 


Electrical Characteristics Ta within operating range, Vsg = OV 


Parameter 
Quiescent Current Drain 


Operating Current Drain 


Vop = 15V; 50/60 Select Floating 
fin = 32 kHz, Vpp = 3.5V 


fin = 32 kHz, Vpp = 15V 


Maximum Input Frequency Vop = 3.5V 


Vop = 15V 


Vop = 5V 
Von = Vss + 2.7V 
VoL = Vss + 0.4V 
Vop = 9V 
Von = Vss + 6.7V 
Voi = Vss + 0.4V 


Output Current Levels 
Logical “1”, Source 
Logical ‘0”, Sink 


Logical ‘‘1”, Source 
Logical ‘‘0”, Sink 


Input Current Levels 
Logical ‘1” (IH) 
Logical “1” (Ir) 
Logical ‘‘O” (Ij) 
Logical ‘‘O” (Ij) 


50/60 Select Input (Note 1) 
Vop = 3.5V, Vin = 0.9 Vpp 
Vop = 15V, Vin 2 0.9 Vpp 
Vop = 3.5V, Vin 2 0.1 Vop 
Vop = 15V, Vin 2 0.1 Vpp 





— 400 


— 1500 


Note 1: The input current level test is performed by first measuring the open circuit voltage at the 50/60 Hz select pin. If the voltage is “high”, make the |), test. If 
the voltage is ‘‘low’’, make the li, test. The state of the 50/60 Hz select pin may be changed by applying a pulse to OSC IN (pin 6) while the 50/60 Hz pin is open 


circuit. 


Functional Description (Figure 1) 


The MM5368 initially divides the input time base by 256. 
From the resulting frequency (128 Hz for 32 kHz crystal) 8 
clock periods are dropped or eliminated during 60 Hz opera- 
tion and 28 clock periods are eliminated during 50 Hz opera- 
tion. This frequency is then divided by 2 to obtain a 50 or 
60 Hz output. This output is not periodic from cycle to cycle; 
however, the waveform repeats itself every second. Straight 
divide by 5 or 6 and 10 are used to obtain the 10 Hz output 
and the 1 Hz outputs. 


The 60 Hz mode is obtained by tying pin 7 to Vpp. The 
60 Hz output waveform can be seen in Figure 3. The 10 Hz 


Timing Diagrams 


and 1 Hz outputs have an approximate 50% duty cycle. In 
the 50 Hz mode the 50/60 select input is tied to Vss. The 
50 Hz output waveform can be seen in Figure 3. The 10 Hz 
output has an approximate 40% duty cycle and the 1 Hz 
output has an approximate 50% duty cycle. 


For the 50/60 Hz select input floating, the counter chain is 
held reset, except for the initial toggle flip-flop which is 
needed for the reset function. A reset may also occur when 
the input is switched (Figure 4). To insure the floating state, 
current sourced from the input must be limited to 1.0 pA and 
current sunk by the input must be limited to 1.0 A for 
Vop = 3.5V. 


OUTPUT 


ia! 
iol 


50 Hz 
OUTPUT 


1 CLOCK DROPPED 
EVERY 5 128 Hz CLOCKS 


TL an 


PHASE SHIFTED EVERY 8 CLOCKS DUE TO 
ELIMINATION OF 1 INPUT CLOCK {i.e., 128 Hz CLOCK) 


DUE TO ELIMINATION OF 3 


PHASE SHIFTED 3 TIMES/SEC 
128 Hz CLOCKS 


TL/F/6133-3 


FIGURE 3. 50/60 Hz Output 
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MM5368 


Timing Diagrams (continued) 


16 kHz 
FLOATING 


win. fe oe ee — 


RESET 


50/60 
SELECT 
TL/F/6133-4 


OUTPUT OF 1ST TOGGLE 
FLIP-FLOP 
(16 kHz) 


LEVEL OR 
CLOCK DETECT 
CIRCUIT 


= TL/F/6133-5 
FIGURE 4. 50/60 Select and Reset 


Typical Applications 


RESET LATCH 


NSB7861 


MM5368 49 4, 


“If the crystal used is a microwatt type an 
Vss 


R value will be required to limit power to 
the crystal. 
3.5V R=0 
5V R= 100K 
10V R= 330K 


TL/F/6133-6 
FIGURE 5. 10 Minute (9:59.9) Timer 
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National 


Semiconductor 


69ESIWN 


MM5369 Series 17 Stage Oscillator/Divider 


General Description 


The MM5369 is a CMOS integrated circuit with 17 binary 
divider stages that can be used to generate a precise refer- 
ence from commonly available high frequency quartz crys- 
tals. An internal pulse is generated by mask programming 
the combinations of stages 1 through 4, 16 and 17 to set or 
reset the individual stages. The MM5369 is advanced one 
count on the positive transition of each clock pulse. Two 
buffered outputs are available: the cyrstal frequency for tun- 
ing purposes and the 17th stage output. The MM5369 is 
available in an 8-lead dual-in-line epoxy package. 


Features 

= Crystal oscillator 

@ Two buffered outputs 
Output 1 crystal frequency 
Output 2 full division 


Connection and Block Diagrams 


Dual-In-Line Package 


TUNER 


DD OUTPUT OSC OUT OSC IN 


TUNER 
OUTPUT 


BUFFER }< 


DIVIDER NC NC 


OUTPUT 


Vs 


TL/F/10820-1 
Top View 


Order Number MM5369N 
See NS Package Number 
NO8E 





@ High speed (4 MHz at Vpp = 10V) 
m Wide supply range 3V-15V 

® Low power 

g@ Fully static operation 

BH 8-lead dual-in-line package 

g Low Current 


Options 
& MM5369AA 
go MM5369EYR 
ag MM5369EST 


3.58 MHz to 60 Hz 
3.58 MHz to 50 Hz 
3.58 MHz to 100 Hz 


OSC OUT 


DIVIDER 
OUTPUT 


TL/F/10820-2 
FIGURE 2 
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MM5369 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Voltage at Any Pin —0.3V to Vpp + 0.3V 
Operating Temperature 0°C to + 70°C 
Storage Temperature —65°C to + 150°C 


Electrical Characteristics 


500 mW 
16V 

3V to 15V 
300°C 


Package Dissipation 

Maximum Vcc Voltage 

Operating Vcc Range 

Lead Temperature (Soldering, 10 seconds) 


Ta within operating temperature range, Vsg = GND, 3V < Vpp < 15V unless otherwise specified. 


Parameter 
Quiescent Current Drain 
Operating Current Drain 


Frequency of Oscillation Vpp = 10V 


Vpp = 6V 
Output Current Levels 
Logical ‘‘1” Source 
Logical “0” Sink 
Output Voltage Levels 
Logical “1” 


Logical “‘0” 
Note: For 3.58 MHz operation, Vpp must be = 10V. 


Functional Description 


A connection diagram for the MM5369 is shown in Figure 7 
and a block diagram is shown in Figure 2. 


TIME BASE 


A precision time base is provided by the interconnection of 
a 3,579,545 Hz quartz crystal and the RC network shown in 
Figure 3 together with the CMOS inverter/amplifier provided 
between the OSC IN and the OSC OUT terminals. Resistor 
R1 is necessary to bias the inverter for class A amplifier 
operation. Capacitors C1 and C2 in series provide the paral- 
lel load capacitance required for precise tuning of the quartz 
crystal. 

The network shown provides > 100 ppm tuning range when 
used with standard crystals trimmed for CL = 12 pF. Tuning 
to better than +2 ppm is easily obtainable. 
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Vop = 15V 


Vop = 10V, fin = 4.19 MHz 


DIVIDER 


A pulse is genertaed when divider stages 1 through 4, 16 
and 17 are in the correct state. By mask options, this pulse 
is used to set or reset individual stages of the counter. Fig- 
ure 4 shows the relationship between the duty cycle and the 
programmed modulus. 


OUTPUTS 

The Tuner Output is a buffered output at the crystal oscilla- 
tor frequency. This output is provided so that the crystal 
frequency can be obtained without disturbing the crystal os- 
cillator. The Divide Output is the input frequency divided by 
the mask programmed number. Both outputs are push-pull 
outputs. 





Functional Description (continued) 


Ct 3.579545 MHz 
S-36pF Cy = 12 pF 
Vpp OR Vsg (10V) 


*To be selected based on xtal used 


FIGURE 3. Crystal Oscillator Network 





Inp (25°C) 











TL/F/10820-5 


FIGURE 5. Typical Current Drain 
vs Oscillator Frequency 


C2 
30 pF 


TL/F/10820-3 
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DIVIDE=BY (X10°) 














0 
0 10 20 30 40 50 60 70 


DUTY CYCLE (%) 
TL/F/10820-4 


FIGURE 4. Plot of Divide-By vs Duty Cycle 


26,875 | 32,784 
COUNTS COUNTS 
59,659 COUNTS 
TL/F/10820-6 


FIGURE 6. Output Waveform for Standard MM5369AA 


MM5437 


Za National 


Semiconductor 


MM5437 Digital Noise Source 


General Description 

The MM5437 device is a monolithic metal gate NMOS inte- 
grated circuit which may be used as a digital noise source or 
a pseudo-random number generator. The part is designed 
to produce a broadband white noise signal with uniform 
noise quality and output amplitude. Two outputs are provid- 
ed. The first, OUT 1, is sequence-limited to reduce 
“thumps.” The other output, OUT 2, is the last stage of the 
shift register when CONTROL 2 is left floating or is pulled 
up. Typical cycle time is one minute. Data is clocked in and 
out on the rising edge of the clock. 


Applications 

m Electronic musical rhythm instrument sound generators 
ws Music synthesizer white and pink noise generators 

m Room acoustics testing/equalization 

m Pseudo-random number generator 


Block and Connection Diagrams 


CONTROL 2 


Features 

a Internal self-contained oscillator 

m Single supply voltage range of 4.5V to 11V 
m TTL compatible at 5V 

= Normal and sequence-limited outputs 
m Low power consumption 

= One minute cycle time 

@ External loading and clocking capability 
m Automatic reset for all-zeros state 

m@ Uniform noise quality 

@ Uniform noise amplitude 

Eliminate noise preamps 

m Single component insertion 


OUT2/DATA iN 23 BIT 
SHIFT REGISTER OUTPUT 
5 LOGIC 


[aeser +} Sn 
DETECT 


CONTROL 1 ——p) 
INT/EXT CLK 


TL/F/5260-1 


CONTROL 1 
INTERNAL/EXTERNAL CLOCK 
CONTROL 2 

OUT 2/DATA IN 


Top View 


TL/F/5260-2 


Order Number MM5437N 
See NS Package Number NO8E 





8-52. 


Absolute Maximum Ratings Absolute Maximum Ratings indicate limits beyond which 
: damage to the device may occur. 

Operating Supply Voltage, Vop 12V 

Storage Temperature, Ts —65°C to + 150°C | 

Operating Temperature, Ta —40°C to + 85°C 

DC Output Current, per pin +12 mA 

Lead Temp. (Soldering, 10 seconds) +300°C 


DC Electrical enalactenstics Ta within operating range, Vsg = OV, Vpp = 11V, unless specified 


Parameter Typ 


Supply Voltage (Vpp) 


Supply Current (Ipp) Vpp = 4.5V (No load) 
Vpp = 11V (No load) 


Output Voltage Levels 
Logic ‘0’ = +1.6mA, Vpp = 4.5V 
Logic ‘1’ = —400 pA, Vpp = 4.5V 


Oo 


Input Voltage Levels 
Logic ‘0’ 
Logic ‘1’ 
Input Currents 
Logic ‘0’ 
Logic ‘1’ 


oo 





Oo 
Oo 


< 
o 


Half Power Point* 


= 
= 
oO 


ie) 
a 


Cycle Time 
“Half Power Point = 0.45 (Shift Register Clock Frequency) 


AC Timing —40c < tT, < +85°C 
4.5V < Vpp < 11V 

symbol | Parameter | Min 
' |__ DataSet Up Time Priorto Glock | 100 
ty | _DataHold Time AfterClock | 100 
teapv | GONTROLZtoDataOutvalid | 
toixov___|___—Clock toDataOutvalid | 
te | Glock Pulse WithHigh | 8 
tL | Clock Pulsewidthtow | 

ees 


ty, te Input Rise and Fall Times 


Inputs/Outputs 
CONTROL 1: A mode switch input, which when held at a OUT 1: An output pin for the sequence-limited output from 
logic “1” or left floating, gates the internal oscillator onto the shift register. 


the INT/EXT CLK pin. When CONTROL 1 is at a logic “0”, INT/EXT CLK: An input/output pin. See CONTROL 1 for 
the shift register can be driven externally through the INT/ description. 


eRe UUs OUT 2/DATA IN: An input/output pin. See CONTROL 2 for 
CONTROL 2: A mode switch input, which when held at a description. 

logic ‘“‘1” or left floating, gates the last stage of the shift 

register onto the OUT 2/DATA IN pin. When CONTROL 2 is 

at a logic “0”, the shift register can be loaded externally 

through the OUT 2/DATA IN pin. 
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Timing Diagrams 


MM5437 


90% 80% 
10% 10% 


tH tL 


ts 
teixov 


TL/F/5260-3 


VALID DATA 10% 


tceov 


TL/F/5260-4 TL/F/5260-5 


t=2c_, | | J Tt tT 
PET Tt Ty 


Isinx (mA) 


Isovrce (mA) 





‘A 
LAA Pt 
Peg Fs Ge 


Vout (V) 


Vout (V) 
TL/F/5260-6 


TL/F/5260-7 
FIGURE 1. Isink VS Vout FIGURE 2. Isource VS Vout 


Typical Applications 


P OUT 2/DATA IN 


SERIAL 
TO 
PARALLEL 


TL/F/5260-8 TL/F/5260-9 


FIGURE 3. Pink Noise Generator FIGURE 4. Pseudo-Random Number Generator 
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WY} National 


<1 Semiconductor 


MM54240 
Asynchronous Receiver/Transmitter Remote Controller 


General Description 


The MM54240 is a monolithic MOS integrated circuit utiliz- 
ing N-channel low-threshold, enhancement mode and ion- 
implanted depletion mode devices. The circuit is designed 
for processor-type remote control applications. The data 
transmission consists of a pulse width modulated serial data 
stream of 18 bits. This stream consists of 7 address bits, 1 
command bit, 8 data bits, 1 parity bit and 1 dummy bit in that 
order. 


The MM54240 can be operated in two modes; namely 
“master” and “slave’’. The master interfaces to a processor 
bus, and is capable of polling and controlling 128 slave cir- 
cuits. The slave circuits are interfaced to remote data sourc- 
es and/or data destinations. 


Applications 


The MM54240 finds application in transmitting data to and 
receiving data from remote A-D/D-A, remote microproces- 


Functional Block Diagram 


ADDRESSES 
A0=A6 y 


COMPARE 


ADDRESS malas REGISTER 


PARITY = 
SHIFT ot 
CONTROL DECODER 


CLOCK 


DATA PORTS 
DO-D7 


OrerSW 


sor units, remote digital transducer or remote data peripher- 
al devices. 


Features 

m Supply voltage range—4.75V to 11.5V single supply 

Low quiescent current—5.0 mA maximum 

mg On-chip oscillator based on inexpensive R-C 
components 

w Pulse width modulation techniques minimize error and 
maximize frequency tolerance 

8 Mode input for either master or slave operations 

@ Chip select (CS) input in the master mode 

g Selectable output port options in the slave mode 

@ Transmit/receive control output (CS) in the slave mode 


| Pin | Configuration 


Vss 

D7 (MSB) 
D6 

D5 

D4 

D3 


STATUS BUS 


ODOOnNOOahR AN — 


DO (LSB) 
Serial 
Mode 
cs 

Vop 
R/C1 
W/C2 
SEQUENTIAL 


CONTROL 
LOGIC 


GENERATOR 


ENCODER 


Order Number MM54240N 


See NS Package Number N24C 





SERIAL osc 





O YD 
MODE 
TL/F/10819-1 


O O 
W/c2 R/c1 § 
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MM54240 


Absolute Maximum Ratings 

(exceeding these ratings could result in permanent damage 
to the device) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Voltage on Any Pin 
with Respect to Vsg 


Operating Temperature 


Storage Temperature 


—0.5V to + 12.0V 
-40°C to + 85°C 


Electrical Characteristics Ta within operating range, Vgg = OV 


—65°C to + 150°C 


Lead Temperature (Soldering, 10 seconds) 300°C 


| Parameter | Conditions | Min Typ_| Max | 


Supply Voltage 4.75 
Supply Current, Quiescent Vpp = 4.75V to 11.5V 


Input Voltage 
Logic ‘‘O” 
Logic ‘1” 
Logic ‘1”’ 


Vpp = 4.75V to 11.5V 
Vpp = 4.75V to 5.25V 
Vpp = 5.25V to 11.5V 


Output Current (D0-D7) 
VoL = 0.4V 


14.5 
5.0 


0.8 
Vpb 
Vop 


VOH = 2.4V 
Vou = 0.5 Vpp 
Vou = 0.6 Vpp (Weak Von) 


Short Circuit Output Current 


Output (CS Slave) 
VoL = 0.5V 


Frequency RC Input 
For a Fixed (RC), (Note 1) 
For a Fixed (RC)o (Note 1) 


Output Current (Serial) 
VoL = 0.4V 
Open-Drain Leakage 


Vpp = 4.75V to 7.0V 200 
Vpp = 7.0V to 11.5V 200 





Vpp = 4.75V to 11.5V 2.0 
Vop = 4.75V to 5.25V 200 
Vop = 5.25V to 11.5V 200 
Vpp = 4.75V to 11.5V 0.5 
Vpp = 4.75V to 5.25V 


MDD 2S /oVIOU ESN Cin! 


600 
600 


Vpp = 4.75V to 11.5V 2.0 
Vpp = 4.75V to 11.5V | 1 


0 
Internal Input Pull-Up Resistors, CS, Mode 
Vin = Vss Vop = 4.75V to 11.5V 15 100 


Note 1: (RC), or (RC)s: suggested R 1 kN-10 kf, suggested C 50 pFd~500 pFd. 


Typical Application 










SLAVE #1 
MM54240 








ADDRESS 
STRAPPED 







MASTER 
MM54240 





PROCESSOR 










SLAVE #128 
MM54240 
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PERIPHERAL 


PERIPHERAL 






TL/F/10819-2 


Circuit Description 

The MM54240 consists of four major logic blocks: Sequen- 
tial Control, Shift Register, PWM Encoder and PWM Decod- 
er. 


Data Ports (DO-D7): The data ports are bidirectional and 
have three output levels (high, low and weak pull-up). The 
weak pull-up mode is only available when the MM54240 is a 
slave device. For the master circuit, the outputs are config- 
ured with standard high and low states coincident with prop- 
erly enabled CS and R. This permits direct interface or buff- 
ered interface with the standard bus structure of a proces- 
sor system. The first three data ports (D0, D1, D2) also 
serve as status pins coincident with enabled CS and S.* For 
the slave circuit, specialized input and output options are 
available by selecting the C1 and C2 inputs. The data port 
can still be read even if it is configured as an output port. 


Address Ports (A0-A6&): The address ports are for the in- 
put of address information into the MM54240. For the mas- 
ter circuit, the input must be valid during the R and W com- 
mand strobes. For the slave circuit, a unique hard-wired 
code must be on the address ports. This code is the ad- 
dress of the slave circuit for addressing purposes. No inter- 
nal pull-ups are provided. 


Mode: This input is low for slave and high (or open) for 
master selections. An internal pull-up resistor is provided. 


Chip Select (CS): This pin has an internal pull-up resistor to 
Vpp. In the master mode, CS is an input and has to be 
pulled low before the R, W, or S strobes can be acknowl- 
edged. When CS is a logic high, the data port pins are high 
impedance. In the slave mode, CS is an output. It is a logic 
“0” when the circuit is expecting to receive a transmission. 
CS is intended only for controlling a transceiver buffer de- 
vice. During the receive mode, CS will produce a high-going 
pulse when the dummy bit is received, but prior to the inter- 
nal address compare. Thus, all slaves (addressed or not 


* The other data ports will output logic “0”. 


Data Format 
1. Serially transmitted data 


addressed) will produce this pulse when receiving a trans- 
mission. The slave that is addressed will keep CS high until 
it completes the transmission to the master. 


Read/Control 1 (R/C1): In the master mode, while CS is 
active low, this input can be used to initiate either of the 
following three operations depending upon the present 
status of the circuit. 


1. To initiate a read command 
2. To enable output ports if transmission received is valid 


3. To terminate read command if transmission received is 
incorrect (if master is in state 4 awaiting data from slave, 
a dummy read will set master to initialize) 


In the slave mode, this input, together with W/C2, selects 
the specialized output port configuration. 


Write/Control 2 (W/C2): In the master mode, while CS is 
active low, this input can be used to initiate a write com- 
mand. In the slave mode, this input, together with R/C1, 
selects the specialized output port configuration. 


Status (S): In the master mode, while CS is active low, this 
input enables circuit status information to be output at the 
first three data ports. The other five data ports will be at 
logic ‘0’. In the slave mode, this input sets all the output 
(DO-D7) latches to the logic “1” state. In the slave mode, 
status cannot be interrogated. 


OSC: This input is for connection to a resistor-capacitor cir- 
cuit for the on-chip oscillator. Frequency tolerance is speci- 
fied for two voltage ranges. In a master-slave system, if no 
one circuit has a frequency more than a factor of 2 different 
from any other circuit, then, valid transmission is guaran- 
teed. Nominal setting is 400 kHz. 


Serial: Input and output pin for serial transmission. Output 
has open-drain configuration. 


R/W 
7 ADDRESS BITS COMMAND 8 DATA BITS PARITY DUMMY 


0 = READ 
1 = WRITE 


2. Pulse width modulation coding 


EVEN 


PARITY 
TL/F/10819-3 


t+——_ 100% —-—+ 


LOGIC "0" 


LOGIC "1" 


37.5% 62.5% 
100% 


a 62.5% ——+| 325%, | 


A bit is equivalent to 96 clocks of the R-C oscillator frequency i.e.; when R-C frequency = 400 kHz, 1 bit = 240 us, 1 word = 4.32 ms. 


TL/F/10819-4 
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Circuit Description (Continued) 


Slave Circuit Logic Flow Diagram 


INVALID 
TRANSMISSION 


TL/F/10819-5 


Ail 8 Pins are High Impedance Input Ports 

All 8 Pins are Standard Low Impedance Output Ports 
D1-D4 are Standard Low Impedance Output Ports . 
D5-D8 are High Impedance Input Ports 

Logic ‘‘O” Outputs are Low Impedance Output Ports 
Logic ‘‘1”” Outputs are Weak Pull-Ups to Vpp 


* In this option, the slave data ports can be connected in a wired-OR configuration with open-col- 
lector or open-drain outputs on the peripheral. 


Master Circuit Logic Flow Diagram 


READ 


TRANSMITTING TRANSMITTING 
001 101 
INVALID DATA RECEIVING DATA READY 
110 100 010 


Master Configuration State Chart 


Status Register Description 


TL/F/10819-6 


Not Used 

In Process of Transmitting to Slave during Write Slave Mode 
Valid Data Received from Slave 

Not Used 

Awaiting Data from Slave during Read Slave Mode 

In Process of Transmitting to Slave during Read Slave Mode 
Invalid Data Received from Slave* 

Initialization/Idle Condition 





| Bo | 
0 
1 
0 
1 
0 
1 
0 
1 


0 
0 
1 
1 
0 
0 
1 
1 


* This state is entered if address or parity do not match. 
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Timing Diagram Description 


Data and Address Set-Up Time 


Data and Address Hold Time 

Serial Port Valid 

Serial Port Float 

Output Data Valid 

Output Data Float 

Overlap Requirement 

Delay Between Master-Slave Transmission 
CS ¢ Function 

Rise and Fall Time 





Oscillator Calculations 
Conditions: 
V=5V +5% 
F = 400 kHz 

—40°C < T < 85°C 
K 
RC 
where 0.8 < K < 1.4 


F= 


Master Write Operation 


AO~A6 NANAANTINGY AAA AAA 


ton 
tos 


D0-07 NANANNUNNY (AACA KAA 


— try 


SERIAL Ne 


t 
PF 
READY DEVICE TRANSMITTING DEVICE READY 
TL/F/10819-8 
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OperSWW 


Master Read Operation 


AO~AG NAUANTNAY, ———— 


00-07 AANA va soe cae AANAUNNUNRURRY SI AANA 
SERIAL i) ee, a 


DEVICE READY tor t2 
DEVICE TRANSMITTING <— WAITING TO RECEIVE * DATA READY ** 


t;—There is no overlap requirement for CHIP SELECT 
to—Delay between master-slave transmission 0.2 ms to 1.4 ms 
tg—Minimum duration is 3 cycles of oscillator clock 


* During “waiting to receive” state, CS coupled with R/C1 will force device into the device ready state. 
** lf address or parity do not match, the data invalid state is entered. CS coupled with R/C1 will force device into the device ready state. 


MM54240 


(penunuoa) YOIdOSeg Wwesbeig Bulwiy 
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Typical Applications 


Microprocessor Interface to Master 


ADDRESS 





DECODE ef 


Er 3 om 74LS32 
ONE=SHOT | Cae 


i} (RESET 
v = Note: The timeout of the one-shot should be 
DM8602 2 6 clock periods of the MM54240 oscillator. 


Microprocessor Interface to Master 


TL/F/10819-10 


ADDRESS 


ADDR BUS DEROUE 


PORTA 
PORTB 
PORTC 


A1_ INS8255 
D7-Do 
RD 


RESET 


SYSTEM 
POWER ON 
RESET 


TL/F/10819-11 


Note: The INS8255 is specified by the microprocessor to operate in mode O. Port A is configured as input or output. Ports B and C are configured as output only. 
Load ports A and B prior to loading port C. 
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Typical Applications (continued) 


Master to Slave (Short Distance) 


MASTER 


SERIAL 


TL/F/10819-12 


MODE 


MASTER 


MM54240 0S3662 MM54240 


SERIAL DIS DIS SERIAL 
A A B 


a 
DM8094 


FROM COMPUTER 
TL/F/10819-13 
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Digital PLL Synthesis 


I. System Concepts 


INTRODUCTION 
Digital tuning systems are fast replacing the conventional 
mechanical systems in AM/FM and television receivers. 
The desirability of the digital approach is mainly due to the 
following features: 
m@ Precise tuning of station frequencies 
m@ Exact digital frequency display 
m Keyboard entry of desired frequency 
@ Virtually unlimited station memory 
a Up/down scanning through the band 

Station ‘‘search” (stop on next active station) 

Power on to the last station 

Easy option for time-of-day clock 
In addition, recent developments in large scale integrated 
circuit technology and new varactor diodes for the AM band 
have made the cost-benefit picture for digital tuning very 
attractive. System partitioning is extremely important in opti- 
mizing this cost-benefit picture, as will be discussed. 


National Semiconductor 
Application Note 335 
Craig Davis 

Tom Mills 

Keith Mueller 


SYSTEM DESCRIPTION 


A simplified block diagram of a typical digitally tuned receiv- 
er is shown in Figure 7. Notice this receiver could be one for 
AM, FM, marine radio, or television; it makes no difference. 
The frequency synthesizer block generates the local oscilla- 
tor frequency for the receiver, just as a conventional me- 
chanical tuner would. However, the phase-locked-loop 
(PLL) acts as an integral frequency multiplier of an accurate 
crystal controlled reference frequency while the mechanical 
type provides a continuously variable frequency output with 
no reference. Some method of controlling the value of the 
multiplier for channel tuning must be provided. The other 
RF, IF, and audio/video circuitry will be the same as in the 
mechanical tuning method. 


There are many different ways to partition the frequency 
synthesizer system to perform the digital tuning function. 


AUDIO/VIDEO 
CIRCUITAY 


amp Gas C= 
FREQUENCY 


VOLTAGE 
CONTROLLED 
OSCILLATOR 


PHASE LOCKED 


LOOP 
FREQUENCY 
SYNTHESIZER 


TUNING 
CONTROL 


SYNTHESIZER 


BLOCK 


l 
ree 


TL/F/5269-1 


FIGURE 1. Block Diagram of a Digitally Tuned Receiver 
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PROGRAMMABLE CONTROLLER FUNCTION 


The most cost-effective application of different IC process 
technologies is shown in Figure 2. The controller is separate 
from the PLL. The controller can be as simple as a mask 
programmable microcontroller* or as complicated as a high- 
powered microprocessor system. It can be done most eco- 
nomically with NMOS technology because of the logic den- 
sity possible and the small size of the RAM/ROM memory 
cells. It could also be CMOS for extremely low power con- 
sumption in standby mode. 


BASIC PHASE-LOCKED-LOOP FUNCTION 

The DS8906/7/8 series of PLLs utilize a dual-modulus fre- 
quency synthesis technique. The reasons for this and the 
PLL itself will now be discussed. 

Figure 3 is a diagram of the most simple phase-locked-loop. 
A particular reference frequency is generated by a crystal 
oscillator and some fixed divider, and this goes into one side 
*Such as National’s COPT™ family. 


of a digital phase comparator. A voltage controlled oscillator 
(VCO) feeds directly into the other input of the phase com- 
parator. The output of the phase comparator is an error sig- 
nal which is filtered and fed back to the VCO as a DC con- 
trol voltage. 


In lock, the phase error must be zero, so fi equals fre. 
This system provides only one output frequency, that being 
equal to the reference frequency. 

Figure 4 is basically the same but now a programmable di- 
vide-by-N counter is between the VCO and the phase com- 
parator. The input to the phase comparator (fjj) now be- 
comes the output frequency of the VCO (four) divided by N, 
where N is the division code loaded into the programmable 
counter. This means foyr/N must equal faer. Thus, the 
VCO output frequency becomes N X frper, and four can 
now be changed in integral steps of faer by merely chang- 
ing N. 


ec NO “Frequency. 1 IF” “timeoroay 0 


KEYBOARD 


on L. 
7 


PROGRAMMABLE 
CONTROLLER 


DISPLAY 


mTm 
a ee 


DISPLAY 
CONTROLLER _ LL CONTROLLER J 


DISPLAY a | 


MTrH 
Ly te Lt 


DISPLAY 


— L 
1 


FREQUENCY 
SYNTHESIZER 


LOCK 


(PLL, LPF, VCO) 


CIRCUITRY 


™ STATION 
DETECT 


TL/F/5269-2 


FIGURE 2. System Block Diagram 


REFERENCE Hf tare 
FREQUENCY 
DIVIDER 


VOLTAGE 
CONTROLLED 
OSCILLATOR 


PHASE 
COMPARATOR 


fin = fRer 


LOW-PASS 
FILTER 


CONTROL VOLTAGE 
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FIGURE 3. Basic Phase-Locked-Loop 


fin = fRer 


' _ fout 
IN = N 


fout _ ; 
N REF 


four = N X ther — fstep 
= fRer 


TL/F/5269-4 


FIGURE 4. Basic PLL Frequency Synthesizer 
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In applications where the output frequency desired exceeds 
the maximum clock frequency of available programmable 
dividers, a common solution is to add a prescaler preceding 
the programmable divider, as shown in Figure 5. In this case 
foutT = N(M X frer) and so the output frequency step size 
becomes M X fre. So, while this technique allows higher 
frequency operation, it does so at the expense of either 
increased channel spacing for a given reference frequency, 
or decreased reference frequency if a specific channel 
spacing is required. This latter limitation is often undesirable 
as it can cause increased lock-on time, decreased scanning 
rates, and sidebands at undesirable frequencies. 


+M 
FIXED 


PROGRAMMABLE 


PRESCALER OIVIDER 





Figure 6 shows the basic dual-modulus scheme. Here, a 
dual-modulus prescaler is substituted for the fixed prescaler 
and the modulus is controlled by programmable counters. 
The advantage to this approach is that the step size is again 
equa! to the reference frequency while the prescaling still 
allows the programmable counters to operate at lower fre- 
quencies. As in the fixed prescale technique, only the pre- 
scaler needs to be high speed. The DS8906/7/8 prescale 
by 7/8 for AM and in a similar fashion by 63/64 in FM. 


fin = fReF 

f fout 
IN= 

four. fREF 
NXM 
fout = (N x M) frer 


TL/F/5269-5 four = N(M X frer) — fstep = M X free 


FIGURE 5. PLL Frequency Synthesizer with Fixed Prescaler 


QUAL MODULUS 
PRESCALER 


CONTROL LOGIC AND 
PROGRAMMABLE 
COUNTER 


fouT 
fin = ares fREF 


fout = N X fper — fstep = freer 


‘if face = fin, then “tuned” 
if fper * fin, then “not tuned” 


TL/F/5269-6 


FIGURE 6. Basic Dual-Modulus Frequency Synthesizer 
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Il. Application Hints 


VOLTAGE CONTROLLED OSCILLATORS 


In all radio and television applications, the voltage con- 
trolled oscillator (VCO) is a varactor tuned, LC type of cir- 
cuit. The LC circuit is used over the various RC current con- 
trolled circuits because of their superior noise characteris- 
tics. Figure 7 shows a collection of popular \VCOs used in 
radio and television tuners. The AM VCO is a Hartley design 
chosen for wide tuning range. Commonly used varactors will 


show a capacitance change of 350 pF at 1V to 20 pF at BV, 


which if used in a low capacitance oscillator circuit, can pro- 
duce a tuning range approaching 3 to 1. 


In the higher frequency ranges, above 50 MHz, Colpitts os- 
cillators are used because stray circuit capacitance will be in 
parallel with desired feedback capacitance and not cause 
undesirable spurious resonances that might occur with the 
tapped coil Hartley design. The FM VCO shown is a ground- 
ed base design with feedback from collector to emitter. A 
UHF television oscillator is also shown. It too is a grounded 
base oscillator, but using a transmission line as the reso- 
nant element instead of a coil. The transmission line and 
tuning capacitors are arranged in zr network which offers 
improved noise characteristics over a parallel tuned circuit. 
This circuit will tune over almost an octave. 


Hartley Oscillator 


TUNING 
VOLTAGE 


$V321 
20 pF-300 pF 


i 


33k 


TL/F/5269-7 


50 kHz ~ 15 MHz VCO 
Tuning range = 3:1 


Colpitts Oscillator 


TUNING 
VOLTAGE 


a 


BB609 


3 pF-20 pF si 


PROCESS 43 


TL/F/5269-8 


50 MHz ~ 300 MHz VCO 
Tuning range = 2:1 


FIGURE 7. Typical VCO Circuits (Typical Values Shown) 


Colpitts Oscillator 


TUNING 
B+ VOLTAGE 


TUNED LINE 


BB505 
2 pF-13 pF 


PROCESS 43 


TL/F/5269-9 
500 MHz ~ 1000 MHz VCO 
Tuning range = 1.8:1 





PLL LOOP FILTER CALCULATIONS 


Andrzej Przedpelski, in two articles published in Electronic 
Design (#19, Sept. 13, 1978 and #10, May 10, 1978) ex- 
plains how to calculate the three time constants associated 
with a third order type 2 loop which is typically used with the 
DS8906/7/8 series. Figure 8 explains his method and 
shows a sample calculation. His articles illustrate how to 
calculate three time constants, and plot open loop gain and 
phase, and closed loop noise response. 


It should be noted that VCO gain, Ky, is in terms of radians 
per second per volt, and phase detector gain, Kp, is in terms 
of amps per radian. The phase detector gain for the 
DS8906/7/8 series is tloyrt divided by 477. 


REFERENCE 


TL/F/5269-10 


Figure 9 illustrates an example calculation of time con- 
stants, and a plot of open loop gain and phase based on the 
preceding analysis. 


REFERENCES 

1. Manassewitsch V., “Frequency Synthesizers” (Wiley, 
New York, 1976) 

2. Rohde, A. L., “Digital PLL Frequency Synthesizers’ 
(Prentice Hall, Englewood Cliffs, 1983) 

3. Egan, W. F., “Frequency Synthesis By Phase Lock” (Wi- 
ley, New York, 1981) 
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T1 = R1C1 
T1 = R1C2 

ey 1+ST1 

lo SC1(1+ ST2) 

Kp Ky ( 1+ST1 ) 

NS2C1 \1+ST2 
1—tandcos¢ 

wo cos > 

1 
~ woeT2 

Kp Ky f ~woT1-1 
- nant ( woT2+1 ) 
where @ = desired phase margin 


G(S) = 


T2 = 


C1 


oO loop natural frequency 
= closed loop bandwidth 
Note: DS8909 op amp required C3 ~ 1000 pF for compensation. 


FIGURE 8. Third Order Type 2 Loop 


HHING | 
Ua 
MTSU 
MTU 

10 100 


1000 


($334930) 3SVHd 





Wa 
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VHF loop, running at 100 MHz, ref = 10 kHz 


Ky = 2.5 MHz/V = 15.7 Mrad/sec/V 
400 pA : 

Kp = —— = 31.8 pA/rad 
D in pA/radian 


N= a = 10,000, co = 2 x 100 Hz 
6 = 45° (desired phase margin) 
T2 = 6.6 X 10-4 sec 
Ti = 3.84 x 10-3 sec 
C1 = 0.3 pF 
so R1 = T1/C1 = 13 kN 
C2 = T2/R1 = 0.05 pF 


FIGURE 9. Example of Gain and Phase Calculation 
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DUAL-MODULUS COUNTING RANGE LIMITATIONS 
© Minimum count limitations 
e Maximum count limitations 


The DS8906/7/8 series PLLs utilize a dual-modulus count- 
ing scheme internally based on a 63/64 prescale modulus 
in FM mode in order that all of the U.S. FM frequency as- 
signments could be reached using a 25 kHz reference. The 
counter modulus N = 64A + B where B is the 6 least 
significant bits of N and A is the 7th and greater significant 
bits of N. 


N=64A+B 

N = 64A + 63 — B(B = 63 — B) 
= 64A + 63 + 1 — 64B + 63B 

= 64(A + 1 — B) + 63B 


Loaded Value 
of N 


3906 

3905 61 
3904 61 
3903 60 


e e 
e ° 
e ° 
60 
60 
60 
60 — 
59 
° 
° 
e 
59 
59 
59 
59 
59 
58 


e 
e 
e 
58 
58 
58 
58 
58 
58 
57 
e e 
e e 


The last equation is in the final form used internally by the 
DS8906/7/8. The equation indicates that, if N is loaded into 
the device, it will solve for N + 1. 


The minimum continuous N modulus (code) the equation 
dictates should occur when A = B. B maximum = 63 im- 
plies A = 62, B = 63 should be anillegal N + 1 code (N + 
1 = 3969). However, because this is just inside the lower 
FM band limits, extra circuitry was added to enable this par- 
ticular code’s operation. The actual minimum N + 1 code 
for these PLLs thus becomes the case when A = 61, B = 
61, N + 1 minimum = 3907. There are legitimate N + 1 
codes below this 3907 value, however, they are not continu- 
ous. (i.e., Starting at 3907 and counting down, one addition- 
al code is in error every 63 codes. Thereafter, these errone- 
ous codes are the cases where A < B.) The sequence of 
illegal codes is shown in Figure 70. 


Status Actual Locked 
N + 1 Value 
OK 
illega! 
illegal 3907 
OK 3904 


3907 
3907 


e e 
e e 
OK 
illegal 
illegal 
illegal 
OK 


e 
e 
e 
OK 
illegal 
illegal 
illegal 
illegal 
OK 
e 
e 
e 
OK 
iNegal 
illegal 
illegal 
illegal 
illegal 
OK 
e e 
e e 


FIGURE 10. FM Mode Dual-Modulus Counting Below the Minimum Continuous N Code of 3906 
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Maximum code limits for these dual-modulus PLLs are de- 
termined by the N code bit length. The DS8906 and DS8908 
have a 14-bit N counter allowing 16,383 counts. The 


the marketplace. Figure 12 shows the block diagram of 


_ such a radio. In this application the following performance 


relating to the PLL tuning system is realized. 


SEE-NV 


DS8907 has a 13-bit N node length, allowing a maximum N 
count of 8,191. See Figure 17 for table operating ranges of 
the DS8906, DS8907 and DS8908 PLLs. 


CONCLUSION 


The major application for the DS8906/7/8 PLLs are synthe- 
sizers for AM-FM radios, and have been widely accepted in 


300 Hz 
>60 dB 


PLL Loop Bandwidth 
Reference Frequency Sidebands 


Signal-to-Noise Ratio 
AM: 30% modulation 
FM: 22.5 kHz deviation 


Switching Speed (one channel) 


s8906 
Ds8907 
i rei 

FM 3.907M 15M 
ok 


*The minimum frequency shown is obtained when the minimum continuous N code is 
utilized and it assumes the edge rates >20V/ys. 


>50 dB 
>55 dB 


<1.5 ms 


DS8908 AM 





FIGURE 11. Product Operating Frequency Range 


LM3189 
LM1865 


KEYBOARD 


LM1870 
MM5450 LED 
DISPLAY COPS470 VF 
DRIVER MM5445 
COPS472 LCD 
DISPLAY MM5452 


FIGURE 12. AM-FM Digitally Tuned Radio System 


PLL CONTROLLER 


0S8906 (EUROPE) COPS410 
0S8907 (U.S.) OR COPS420 
0S8908 (EUROPE AND U.S.) 


TL/F/5269-12 
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DS8911 AM/FM/TV Sound 
Up-Conversion Frequency 
Synthesizer 


INTRODUCTION 
This application note describes an AM/FM radio implement- 
ed using the DS8911 Up-Conversion Frequency Synthesiz- 
er. This synthesizer was designed to utilize up-conversion 
techniques to reduce the manufacturing costs and labor re- 
quirements associated with alignment of an AM radio front 
end. 
The conventional high performance AM radio requires at 
least three tuned circuits for AM reception (see Figure 7). 
These tuned circuits include 3 varactor diodes which must 
be matched to ensure tracking over a wide Local Oscillator 
(LO) operating range. The cost of these matched varactors 
and labor associated with alignment of the three stages is 
significant. 
The three circuits are: 

a. RF antenna input 

b. RF amplifier output 


c. Local oscillator 


National Semiconductor 
Application Note 512 


THE UP-CONVERSION AM RADIO USING THE DS8911 


In an up-conversion AM radio the local oscillator and first IF 
frequency are chosen to be much higher in frequency than 
the received signal. This totally eliminates image problems 
since the image is far above the band of interest. In this 
application an IF of 11.55 MHz was chosen. This enables 


_ the RF front end to be untuned. A simple low pass filter is 


included to roll off frequencies above 2 MHz. The first mixer 
in an up-conversion design is subjected to the entire AM 
band and thus a very high dynamic range mixer (provided as 
part of the DS8911) is essential to prevent overload due to 
strong signals. Figure 2 shows the block diagram of the ra- 
dio using an up-conversion scheme. Notice the three AM 
tuned stages mentioned in the conventional down-conver- 
sion scheme have been eliminated. 


Note the dramatic simplification summarized below: 
a. Untuned AM RF amplifier 


b. One VCO internally generates the LO for both AM and 
FM modes 


c. A common AM/FM mixer 
d. Reduced number of tuning and tracking adjustments 


FM AUDIO 
DETECTOR 


DISPLAY DRIVER 


AND DISPLAY 
MICROPROCESSOR 


SYNTHESIZER 


FRONT PANEL 


CONTROL 


AM IF 
AND AM AUDIO 
DETECTOR 


TL/F/9449-1 


FIGURE 1. Conventional Electronically Tuned Radio 
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DISPLAY 


DRIVER 


2 
oO 
> 
SERIAL DATA MICROPROCESSOR 
DS8911 2 MHz CLOCK 
PLL ag 


450 kHz 
CERAMIC 
FILTER 


11.55 MHz AM IF AND 
CRYSTAL AM 2ND MIXER AM AUDIO 
FILTER DECTECTOR 


11.50 MHz 
CERAMIC FM IF AND DETECTOR FM AUDIO 
FILTER 
TL/F/9449-2 


FIGURE 2. Up-Conversion Electronically Tuned Radio 


THE DS8911 IN AN ACTUAL RECEIVER APPLICATION 
Shown below is a block diagram of the DS8911 demonstration radio. 


12 MHz OUT 
FM _IF_OUT 


POWER 
CONTROLLER 
SUPPLY 


12V IN 
TL/F/9449-3 


FIGURE 3. Block Diagram of DS8911 Up-Conversion Radio 
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THE AM AND FM FRONT ENDS 


The AM RF amplifier, shown in Figure 4, is an untuned JFET 
input cascode RF amplifier. With the exception of there be- 
ing no tuned circuits, this is a standard configuration. The 
output of the cascode amplifier, Q1 and Q2, is further ampli- 
fied by Q3, which in turn drives a low impedance (~ 50) 
wide band transformer, T1. Transformer T1 provides a 2 to 
1 impedance step down to drive the differential inputs of the 


DS8911. Note that C7 and L2 perform a low pass function 
to limit the response of the RF amp to about 2 MHz. Q10 is 
connected directly across the antenna input and is activated 
by the AGC circuit to limit very large received signals. 

The typical gain of the AM RF block is 20 dB (antenna to Q3 
collector). Most of this gain is lost in the low pass filter and 
wide-band transformer, T1. The net gain from antenna to 
the input of the DS8911 is about 8 dB. 


O8VA 


te FM RF 
C11 


L2 10 


ori To T1 


TL/F/9449-4 


FIGURE 4. DS8911 Untuned AM RF Front End 


The FM RF amplifier is shown in Figure &. \t is of conven- 
tional design, using two varactor diodes, D1 and D2, for 


tuning. These diodes and the LO varactor, D1, are driven 
directly by the DS8911 Mixer/Synthesizer’s tuning voltage 
output (OPAMP OUT). 


Note that the wide-band transformer, T1, shown in Figure 6, 
serves as both the AM and FM differential input for the 
DS8911 mixer. C11 and L2 (Figure 4), are used as isolating 
devices between the AM and FM front ends. 


cé6 R111 
270 


AGC for the FM PF is applied to the second gate of the dual 
gate mosfet, Q7 (Figure 5). To insure pinch off action during 
AGC, R68 biases the source of Q7 so that the source can- 
not drop below about 650 mV. Note that R49 is used in the 
drain of Q7. This is designed to limit gain and add circuit 
stability. The approximate gain of the FM RF amplifier is 
10 dB. 


R66 


47K | * 39 pF on bottom 


of board 


To AM RF 


TL/F/9449-5 


FIGURE 5. FM RF Front End 
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THE DS8911 MIXER AND IF FILTER SECTION RF inputs of the mixer can be de-biased which results in 
A mixer is provided on the DS8911 IC for both the FM con- passing the internally generated LO signal to the mixer out- 
version to 11.50 MHz and the AM first conversion to 11.55 put pins. 


MHz. The 2nd AM conversion to 450 kHz is provided by the The DS9811 Mixer/Synthesizer section is shown in Figure 
mixer within the AM IF IC. !f other partitioning constraints 6. 


require that the first mixer be external to the 0S8911, the 


VTUNE TO 
RF FRONT END 


cis 


sooiT Je “ 
= uit 


rato " TL/F/9449-6 
FIGURE 6. DS8911 Mixer/Synthesizer Section 


Ve 
IMIXOUT 


IF OUTPUTS 


4 (V = 0.8) 
Vwixout 


R20 = 


PREMIX 
PREMIX 


TL/F/9449-7 
FIGURE 7. Mixer Bias Circuitry 
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The DS8911 double balanced mixer is differentially driven 
by center-tapped T1 into the RF + and RF— inputs. These 
are emitter inputs with an approximate impedance of 250. 


Current through the double balanced mixer is set by R20, 
shown in Figure 7. The total! bias current through the sum of 
the mixer transistors whose collectors are at IfMxER (pin 5) 
and Imixer (pin 6), is four times the current set by R20. 


(IMixER + IMIXER) = 4 X ImxA 
A simple equation for calculating the value of R20 is shown 
in Figure 7. The mixer current in this evaluation board is set 
at 8 mA. 


The local oscillator signals used for AM and FM tuning are 
derived from a single VCO within the DS8911. This VCO’s 
range is from 98 to 120 MHz. In the AM mode this VCO is 
divided by ten to become the first LO input for the DS8911 
mixer. The VCO frequency is set by the external inductor L3 
and varactor D1 (see Figure 6). Inputs VCOE and VCOB 


form a Colpitts oscillator with the external components men- 


tioned above. The VCO is capable of operating within the 
range of 40 to 225 MHz. However, most varactors operate 
in an approximately 2.5 to 1 capacitance range. At best, this 
translates to a 1.58 to 1 frequency range (f = '%7rVLC). At 
FM frequencies using MV104 varactor diodes, it is possible 
to tune over a 25 MHz band. When the DS8911 is switched 
into the AM mode, the same VCO is used, except it is inter- 
nally divided by ten. This then gives us a 2.5 MHz tuning 
range which is sufficient to cover the AM band including LW 
for European applications. It should be noted that when di- 
viding the VCO by ten we increase the tuning resolution by 
ten. For example, when the VCO is tuned with a 10 kHz 
resolution, the divided by ten AM LO signal has a 1 kHz 
tuning resolution. 


The DS8911 incorporates a zero deadband charge pump 
circuit in the phase detector portion of the internal PLL. This 
results in a VCO that is very stable, and has very low phase 
noise. This is particularly advantageous when considering 
AM stereo reception. 


IC2 SANYO LA1130 


RF BYPASS 


ro 
x Zz 
= CS 


DS8911 IF FILTERS 


Referring to Figure 6, the output of the DS8911 mixer is a 
differential output, MIXER, MIXER; pins 5 and 6 respective- 
ly. This output is applied to the center-tapped primary of T2, 
the mixer output transformer, which is tuned to 11.55 MHz. 


The AM IF frequency was chosen to be 11.55 MHz so that it 
would mix directly with the 12 MHz clock to produce a sec- 
ond IF frequency of 450 kHz. The FM IF frequency was 
chosen to be 11.50 MHz to enable the use of a common 
tuned 1st IF transformer (T2) for both AM and FM. 


A low impedance tap on the secondary of T2 is used to 
drive FL3 and subsequent buffer circuitry which is fed to the 
FM IF section. Both FL3 and FL4 are 11.50 MHz ceramic 
resonators. The higher impedance portion of T2’s second- 
ary drives FL1 in series with optional FL2 which form the 
primary AM filtering. These are 11.55 MHz crystal filters with 
a 6 dB bandwidth of 7.5 kHz. Using FL1 alone is quite satis- 
factory, however steeper selectivity skirts are possible if FL2 
is included. When both FL1 and FL2 are used, they must be 
a matched set. The AM IF filter section is interfaced to the 
AM IF section by transformer T3, shown in Figure 6. 


THE AM IF SECTION 


The AM IF section of the DS8911 evaluation board is imple- 
mented using a conventional fully integrated AM radio chip, 
the SANYO LA1130. See Figure 8 for schematic of the AM 
IF section. This device is used in this configuration to re- 
ceive the modulated AM carrier signal at 11.55 MHz, down- 
convert it to 450 kHz, and decode the AM modulation. The 
LO input signal for the LA1130 is provided from the 
DS8911’s 12 MHz crystal oscillator. This LO signal is inject- 
ed into the OSC pin (pin 4). The low level 11.55 MHz IF 
signal from the crystal filter is injected into the RF INPUT 
(pin 2). The RF OUTPUT (pin 5) is tuned to 11.55 MHz with 
T4 and applied to the second MIXER INPUT (pin 6). Trans- 
formers T5 and T6 are tuned to 450 kHz. 


It should be noted that T4 could be replaced by a ceramic 
resonator centered around 11.50 to 11.55 MHz with a band- 
width of several hundred kHz. Transformer T5 could be 
eliminated and T6 replaced with a 450 kHz resonator to 
produce a minimum tuned circuit design. 


Q8 
+L.c79 
0.47 
10K Aen my uF 


R33. R35 = 
2.7K 10K l 10 pF = 


+] c39 = 
Ma Ips BF 
© AM OUT 
© AM MONO OUT 


TL/F/9449-8 


FIGURE 8. AM IF Circuitry 





Detected audio is available at pin 14 (Mono AM out test 
point). AGC is generated internal to the LA1130, buffered by 
Q8 and applied to Q10, located in the AM front end. 


THE FM IF SECTION 


The FM IF filtering is done by FL3 (Figure 6) and FL4 (Figure 
9) which precede the IF amplifier chip iC6, an LM3089. FM 
quadrature detection is done on chip. External inductor T9 is 
adjusted for correct FM demodulation. Audio output is made 
available on pin 6 (FM mono out test point). This is fed to 
the stereo decoder IC8. (Figure 17) 


THE STEREO DECODER SECTION 


The stereo decoders are a standard configuration with their 
outputs resistively summed into the dual volume control po- 
tentiometer, Ryo}. 


Device IC7, shown in Figure 70, is a Motorola MC13020P, 
an AM stereo decoder designed to decode the C-Quam AM 
stereo format. Because this chip needs a relatively high lev- 
el 450 kHz IF signal to operate, transistors Q4 and Q5 boost 
the IF signal from T6 and apply it to pin 3 of IC7. 


The FM stereo decoder, shown in Figure 77, is IC8, an 
LM1800. This device performs the FM stereo multiplex de- 
coding. This circuit is standard and used in numerous con- 
sumer applications, therefore is mentioned only briefly. 
The audio output section, shown in Figure 72, consists of 
two LM386 devices, IC3 and IC11. These are used simply to 
drive a pair of monitor loud speakers. No special de-empha- 
sis of the audio has been done in this evaluation board. This 
should be taken into account if performance measurements 
are done on this board. 


O FM MONO OUT 


TL/F/9449-9 


FIGURE 9. FM IF Circuitry 
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R90 5.6K 
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#1C109 46x 
2.2 pF 
R93 


2.7K 4.7 pF 
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1.5K 


TL/F/9449-10 
FIGURE 10. AM Stereo Decoder 
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FIGURE 11. FM Stereo Decoder 
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FIGURE 12. DS8911 Audio Output Circuitry 
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POWER SUPPLIES 


The evaluation board is designed for 12 VdC nominal opera- 
tion. The power to various sections is controlled by the mi- 
crocontroller via Q11, Q12, Q13, and Q14 shown in Figure 
73. On board regulation is provided by IC4, and 8V regulator 
(used for the signal circuits), and IC5, a 5V regulator (used 
for the logic circuits). The 12V power is used to operate the 
rest of the circuitry. No provisions have been made on the 
board for automobile load dump protection. 


APPENDIX 


Operating instructions for the DS8911 

Application Board 

The DS8911 AM/FM radio application board contains a 
built-in COPS controller which is programmed to send a 24- 
bit serial data stream to the DS8911 each time a key is 
pressed on the 4 by 4 keypad. Additionally, new data is sent 
to the display. 


Power up. 
Upon power up the radio will tune 98.5 MHz in the FM band. 
The store keys are preset to tune this fegHeney in the FM 


BV REG 
C51 C120 
220 uF T~ Tor Ft 


band and 810 kHz in the AM band. 


AM/FM BAND 
SWITCH CONTROL 


Key Functions. 

AM/FM: This key switches between the AM and FM bands. 

if the key is pressed while in FM, the station is first stored 

internally and then the band is changed to AM, recalling the 

last station played. 

Note: An “A” will appear in the left digit location on the display while in the 
AM band, and no letter will appear for the FM band. 

Tune up ( T), tune down (J): Steps the tuned frequency by 

one reference increment at each key stroke. 

Fast tune up (fT T), tune down (J |): Holding this key 

down steps the frequency up or down repetitively for speedy 

tuning. There are upper and lower tuning limits which vary 

according to what reference frequency the DS8911 is using. 

STO 1/2/3: A station may be stored by pressing the STO 

key and then the desired store location 1, 2 or 3. An ‘“S” 

will show up in the left digit space prompting the user for a 

store location. 

A station may be recalled by directly pressing the store 1, 2 

or 3 location. FM stations will be recalled while in the FM 

band and AM stations will be recalled while in the AM band. 


© 12VB 


C78 
“T° 


TL/F/9449-14 


FIGURE 13. Power Supply Circuitry 
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FIGURE 14. Microprocessor Control and Display Section 
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LO: The LO key will display the local oscillator frequency 
that corresponds to the present tuned frequency. The LO 
frequency displays for a few seconds and then the tuned 
frequency returns. 


TEST MODE: This key allows the user to choose between 
mode 0, 1, 2 or 3. Each time the key is pressed the test 
mode will rotate and display the new mode for a few sec- 
onds before the tuned frequency reappears. A keypress will 
not be recognized until the tuned frequency reappears. The 
system powers up in test mode 0. 


REF: This key allows the user to change the reference fre- 
quency used by the DS8911. Each keypress rotates the ref- 
erence frequency from 100 kHz to 10 kHz, 10 kHz to 
12.5 kHz, 12.5 kHz to 25 kHz or 25 kHz to 100 kHz depend- 
ing where it started. The tuned frequency will be recalculat- 
ed using the new reference frequency and displayed. If the 
tuned frequency is too high or low, a multiple or a non-inte- 
ger of the new reference frequency, the program will auto- 
matically rotate to the next legal reference frequency, dis- 
play it for a few seconds, and then return to displaying the 
tuned frequency. The system powers up in the 100 kHz 
mode. 

BIT 22, 23, 24: Each of these keys changes the high or low 
state of bit 22, 23 and 24 in the serial data stream to the 
DS8911. The bits power up low and may be changed high 
independently by pressing the appropriate key. The display 
will then show the status of all three bits in the right three 
digit spots. 

Example: Bit 23 high, bit 22 and 24 low. = |0{1{0 


ALIGNMENT 

1. In FM mode tune to 98.5 MHz. Adjust L3 while monitoring 
DC voltage on OP AMP, pin 26 of IC1. Adjust L3 for a 
reading of 3.4 Vdc. 

. Switch to AM mode. Set generator for 810 kHz, 30% 
modulation, 400 Hz. RF level: 100 nV. Use 40 pF dummy 
antenna. 

. Adjust T2, T3, T4, T5, T6 for maximum sensitivity as mea- 
sured at speaker output using suitable AC voltmeter. 


Note: As signal strength increases with alignment, appropriately reduce the 
RF output of signal generator. 
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4. Switch to FM mode and tune to 98.5 MHz. Set FM gener- 
ator to 98.5 MHz. Set RF output to 100 nV, modulation 
400 Hz, deviation 22.5 kHz. Use 502 termination on an- 
tenna input. 


. Adjust T9 for maximum recovered audio and mininum dis- 
tortion. 


. Adjust T7 and T8 for maximum sensitivity. Reduce RF 
level of generator as needed. 


. Tune to stereo FM station. Adjust R70 for D5 “On.” 
100 pV, modulation 400 Hz, deviation 22.5 kHz. Use 509 
termination on antenna input. 


5. Adjust T9 for maximum recovered audio and minimum 
distortion. 


6. Adjust T7 and T8 for maximum sensitivity. Reduce RF 
level of generator as needed. 


7. Tune to stereo FM station. Adjust R70 for D5 “On”. 
TYPICAL SPECIFICATIONS | 


AM SIGNAL-TO-NOISE 
‘RF Level 
12 pV 
45 pV . 
1000 nV 
AM RADIO SENSITIVITY 
540-1000 kHz 6.7 pV 
1000-1600 kHz 8.9 pV 


AM RADIO SELECTIVITY 
Input level = 2 X Radio AM selectivity level 
6 dB audio level Bandwidth - 8.0 kHz 


Input level = 200 x Radio AM selectivity level 


6 dB audio level Bandwidth 24 kHz 


AM STRONG SIGNAL DISTORTION 
RF Level % Distortion 
80 mV 1 
800 mV 1 
1500 mV 3 
AGC figure of merit = 54.9 





AM SPURIOUS RESPONSE 


Freq. kHz dB 
700 —15 
850 -9.5 
913 —12 

1051 —8 
1074 -11 
1198 —16 


AM CROSS MODULATION 

Ref. Gen. Level = 200 pV (Radio tuned to Ref. Gen.) 
Frequency = 1.01 MHz 

Gen #2 Level = 10,000 pV 

Gen #2 signal appears 30 dB down* 

Frequency = 1.05 MHz 


FM Signal to Noise 


f= 1.00 MHz 
mod. = 1 kHz 22.5 kHz dev. 


Output Level dB uV 
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Advanced Peripheral 


Device Pin Process Package 


MEMORY SUPPORT 

DP8419 48 256k DRAM Controller MSP CDIP 16k & 64k Controller also 

DP8429 52 1 MB DRAM Controller MSP CDIP 16k, 64k, 256k DRAM Ctrl also 
Interface 


Device Pin ; Process Package 
i [othe] oowmion (| PRES [SR] aS [PR [cone 
BUS TRANSCEIVERS 


DM54LS373|] 20 | Octal Bus Driver Transparent D-Type Latch 
DM54LS374{| 20 |Octal Bus Driver Edge Triggered Flip-Flops 
DM54S240 - i F ; Non-Inverting 

DM54S241 - i 2 Inverting 

DS1776 i 

DM7136 


DP7304B 8-Bit Bidirectional 
DS7640 Receiver 


DS7833 Transceiver 

DS7834 Transceiver 

DS7835 - i ‘ Transceiver 

DS7836 ifi i ; NOR Function Receiver 
DS7837 ifi i Receiver 


DS7838 ifi i Transceiver 

MM54C373 i D Type Latch 

MM54C374 i D Type Flip-Flop 

MM54C922 - Key Board Encoder/Debouncer 


MM54C923 - Key Board Encoder/Debouncer 
MM70C97 - CDIP,F/P | Non-Inverting Driver 
MM70C98 - CDIP,F/P | Inverting Driver 


DISPLAY CONTROLLERS/DRIVERS 


DS$55494 16 | Hex Digit Driver 883 CDIP, F/P 
MM5452 40 |32SegLCD Display Driver |-MIL CDIP 
LEVEL TRANSLATORS/BUFFERS 


DS7800 Dual Voltage Level Xlator Translator 

DS78L12 Hex TTL-MOS Interface 

MM54C901 Hex TTL Buffer ; Inverting 

MM54C902 Hex TTL Buffer ; Non-Inverting 
MM54C906 Hex Buffer : ; Open Drain N-Channel 
MM54C907 Hex Buffer 5 Open Drain P-Channel 


MEMORY ee 


DS0026 : CDIP, MCAN 
DS0056 7800801GX| MCAN 
DS16179 CDIP 
DS1649 CDIP, F/P 


woROPROCESSOR SUPPORT 


DP8216 4-Bit Bus Transceiver 883 8080 Support (Bidirectional) 
DP8228 28 System Ctrler & Bus Dvr -MIL 8080A Support 
DP8238 System Ctrler & Bus Dvr -MIL 8080A Support 
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Interface (Continued) 


Device er Process Package 
mo [oSia| ovo (ee [ea] SE | Tae | 


PERIPHERAL/POWER DRIVERS 


Comments 


Interface Military Products 


DP7311 
DS1631 
DS1632 
DS1634 
DS1687 


DS55451 
DS55452 
DS55453 
DS55461 


DS55462 
DS55463 
DS55464 
LM195 


DS16F95 

DS96F172 
DS96F173 
DS96F174 
DS96F175 


DS1603 
DS1652 
DS1691A 
DS26F31 
DS26F32 


DS26LS31 
DS26LS31 
DS26LS32 
DS26LS33 


DS55107A 
DS55110A 
DS55113 
DS55122 


DS7820 
DS7820A 
DS7820A 
DS7830 
DS7831 


DS7831 

DS7832 

DS7832 
DS78C120 16 
DS78C20 


DS78LS120| 16 
DS9614 
DS9615 
DS9616 
DS9622 


DS9622 
DS9622 
DS9627 
DS9636A 
DS9637A 


DS9638 
DS9639A 
DS9667A 
MM78C29 
MM78C30 


pA55107A 
yA55110A 
pAQ614 
yA9615 
AQ616 


Octal Latched Periph Dvr 

CMOS Dual Peripheral Dvr 
CMOS Dual Peripheral Dvr 
CMOS Dual Peripheral Dvr 
Neg. Voltage Relay Driver 


Dual Peripheral Driver 
Dual Peripheral Driver 
Dual Peripheral Driver 
Dual Peripheral Driver 
Dual Peripheral Driver 
Dual Peripheral Driver 
Dual Peripheral Driver 
Power Transistor 


Diff. Bus Transceiver 


_| Quad Diff. Line Driver 


Quad Diff. Line Revr 
Quad Diff. Line Driver 
Quad Diff. Line Revr 


Dual Line Receiver 

Quad Diff. Line Receiver 
TRI-STATE Line Driver 
Quad Hi Spd Diff Line Dvr 
Quad Hi Spd Diff Line Rev 


Quad Diff. Line Driver 
Quad Diff. Line Driver 
Quad Diff. Line Receiver 
Quad Diff. Line Receiver 


Dual Line Receiver 

Dual Line Driver 

Dual TRI-STATE Diff Line D 
Triple Line Receiver 


Dual Line Receiver 

Dual Line Receiver 

Dual Line Receiver 

Dual Diff. Line Driver 

Dual TRI-STATE Line Driver 


Dual TRI-STATE Line Driver 
Dual TRI-STATE Line Driver 
Dual TRI-STATE Line Driver 
Dual Diff. Line Receiver 
Dual Diff. Line Receiver 


Dual Diff. Line Receiver 
Dual Diff. Line Driver 
Dual Diff. Line Receiver 


Triple Line Driver 
Dual Line Receiver 


Dual Line Receiver 

Dual Line Receiver 

Dual Line Receiver 

Dual Prog. Slew Rate Dvr 
Dual Diff. Line Receiver 
Dual Hi Spd Diff Line Dvr 
Dual Diff. Line Receiver 
Darlington Drivers 

Quad Line Driver 


«| Dual Diff. Line Driver 


Dual Line Receiver 
Dual Line Driver 

Dual Diff. Line Driver 
Dual Diff. Line Receiver 
Triple Line Driver 


7802301EX 
7802302FX 


10401 
8754701CA 


7900801CX 
7900801 DX 


8004101FX 


8004101EX 
8004102EX 
8004102FX 


10403 
10404 
87522012A 
8752201AA 
8752201CA 
8752301PA 
8752401PA 
: 8754601PA 
8754701CA 


CDIP 

CDIP, MCAN 
CDIP, MCAN 
CDIP, MCAN 
CDIP, MCAN 


CDIP 
CDIP 
CDIP 
CDIP, MCAN 


CDIP, MCAN 
CDIP 

CDIP, MCAN 
MCAN 


CDIP, F/P, LCC 
CDIP, F/P, LCC 
CDIP, F/P, LCC 
CDIP, F/P, LCC 
CDIP, F/P, LCC 


CDIP, F/P 
CDIP 

CDIP, F/P 
CDIP, F/P, LOC 
CDIP, F/P, LCC 


CDIP, F/P 
CDIP, LCC, F/P 
CDIP, LCC, F/P 
CDIP, LCC 
LCC 


CDIP, F/P 
CDIP 

CDIP, LCC, F/P 
CDIP, LCC, F/P 
CDIP, LCC 





NAND Enable 
AND Enable 
OR Enable 


NAND Enable 
AND Enable 
OR Enable 
NAND Enable 


OR Enable 

NOR Enable 

AND Enable 

Interfaces with TTL or CMOS 


RS-485, RS-422 
RS-485, RS-422 
RS-485, RS-422 
RS-485, RS-422 
RS-485, RS-422 


RS-422, RS-423 
RS-422, RS-423 
RS-422, RS-423 


RS-422, RS-423 
RS-422, RS-423 
RS-422, RS-423 
RS-422, RS-423 


Line Driver 
With Hysteresis 


CMOS Compatible 
CMOS Compatible 


Noise Filtering and Fail-Safe 
(See) DS55114 

(See) DS55115 

RS-232C, MIL-STD-188C 


RS-232C, MIL-STD-188C 
RS-423 
RS-422, RS-423 


RS-422, RS-423, RS-232C 


(See) DS55114 
(See) DS55115 
RS-232C, MIL-STD-188C 





Interface (Continued) 


Device Pin ' Process DESC Package 
TRANSMISSION LINE DRIVERS/RECEIVERS (Continued) 


Dual Line Receiver 8752201AA 

Dual Line Receiver 8752201CA 

Dual Line Receiver 87522012A 

Dual Line Receiver RS-232C, MIL-STD-188C 
Dual Prog. Slew Rate Dvr 8752301PA RS-423 


pA9637A Dual Diff. Line Receiver 8752401PA RS-422, RS-423 

pA9638 Dual Hi Spd Diff Line Dvr 8754601PA 

pAQ639A Dual Diff. Line Receiver RS-422, RS-423, RS-232C 
A9667A Darlington Drivers 
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Military/ Aerospace Programs from National Semiconductor 


Semiconductor 


ZA National 


Military/ Aerospace Programs from 
National Semiconductor 


The following is intended to provide a brief overview of mili- 
tary products available from National Semiconductor. For 
further information, refer to our Reliability Handbook. 


MIL-M-38510 


The MIL-M-38510 Program, which is sometimes called the 
JAN IC Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government- 
controlled specifications in government certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC’s Qualified Products List (QPL) be- 
fore devices can be marked and shipped as JAN product. 


There are two processing levels specified within MIL-M- 
38510: Classes S and B. Class S is typically specified for 
space flight applications, while Class B is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table 3. 


Tables 1 and 2 explain the JAN device marking system. 
Copies of MIL-M-38510, the QPL, and other related docu- 
ments may be obtained from: 

Naval Publications and Forms Center 

5801 Tabor Avenue 

Philadelphia, PA 19120 

(212) 697-2179 


TABLE I. The MIL-M-38510 Part Marking 


IM3B510/XXXXXYYY 


L The Lead Finish 


A=Solder Dipped 

B=Tin Plate 

C=Gold Plate 

X=Any lead finish above 
Is acceptable 


The Device Package 
(see Table 2) 


The Screening Level 
S or B 


The Device Number 
on Slash Sheet 


The Slash Sheet Number 


For radiation hardened devices 
the slash Is replaced by the 
Radiation Hardness Assurance 
Indication per paragraph 
3.4.1.3 of MIL-M=38510 


MIL=M~38510 


The JAN Prefix 

(which may be applied only to 
a fully conformant device per 
paragraphs 3.6.2.1 and 3.6.7 of 


MIL=M=38510 
) TL/XX/0113-1 





MI L-M-38510 (Continued) 


TABLE II. JAN Package Codes 


38510 
Package 
Designation 


Microcircult Industry 
Description 


14-Pin Y%,” x 4%” (Metal) Flat Pack 

14-Pin 3/15” x ¥,” Flat Pack 

14-Pin ¥,” x 34,” Dual-In-Line 

14-Pin ¥/,” x 34” (Ceramic) Flat Pack 
16-Pin ¥,” x74” Dual-in-Line 

16-Pin ¥," x 4%” (Metal or Ceramic) Flat Pack 
8-Pin TO-99 Can or Header 

10-Pin ¥/,” x Y,”. (Metal) Flat Pack 

10-Pin TO-100 Can or Header 

24-Pin %2" x 114” Dual-In-Line 

24-Pin 34" x 54." Flat Pack 

24-Pin 4%" x 144,” Dual-In-Line 

12-Pin TO-101 Can or Header 

(Note 1) 

8-Pin Y%,” x 34" Dual-in-Line 

40-Pin 346” x 214,” Dual-In-Line 

20-Pin 14" x 114,” Dual-In-Line 

20-Pin 4,” x %” Flat Pack 

(Note 1) 

(Note 1) 

18-Pin 34” x 15/4,” Dual-In-Line 

22-Pin 34" x 114” Dual-In-Line 

(Note 1) 

(Note 1) 

(Note 1) 

20-Terminal 0.350” x 0.350” Chip Carrier 
28-Terminal 0.450” x 0.450” Chip Carrier 
Note 1: These letters are assigned to packages by individuals MIL-M-38510 


detail specifications and may be assigned to different packages in different 
specifications. 


DESC Specifications 


DESC specifications are issued to provide standardized ver- 
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con- 
trolled electrical specifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National’s DESC specification offerings can 
be obtained from our franchised distributors, sales repre- 
sentatives, of DESC. DESC is located in Dayton, Ohio. 


MIL-STD-883 


Although originally intended to establish uniform test meth- 
ods and procedures, MIL-STD-883 has also become the 


A 
B 
Cc 
D 
E 
F 
G 
H 
| 
J 
K 
L 
M 
N 
p 
Q 
R 
Ss 
T 
U 
Vv 
Ww 
X 
Y 
Z 
2 
3 


general specification for non-JAN military product. Revision 
C of this document defines the minimum requirements for a 
device to be marked and advertised as 883-compliant. In- 
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality contro! procedures. Details can be found in par- 
agraph 1.2.1 of MIL-STD-883. 


National offers both 883 Class B and 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table III. 


As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa- 
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits, and test temperatures must be 
clearly documented. At National Semiconductor, this infor- 
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con- 
trolled by our QA department. Individual copies are available 
upon request. 


Some of National’s older products are not completely com- 
pliant with MIL-STD-883, but are still required for use in mili- 
tary systems. These devices are screened to the same 


Stringent requirements as 883 product, but are marked 


“MIL”. 


Military Screening Program (MSP) 
National’s Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities. MSP products receive the 100% screening of Ta- 
ble Ill, but are not subjected to Group C and D quality con- 
formance testing. Other criteria such as electrical testing 
and temperature range will. vary depending upon individual 
device status and capability. 


Reliability Electrical Test 
Specifications (RETS™) 


National has implemented the first realtime, electronic cata- 
log of military test specifications called RETS. 

Included in this computerized directory is a detailed listing of 
the electrical tests performed on all military devices quali- 
fied by National, including forcing functions, test limits and 
temperature ranges. 

Call your local National sales office for essential up-to-the- 
minute information on device testing. 
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| Military/Aerospace Programs from National Semiconductor 


Reliability Electrical Test Specifications (RETS™) (continued) 
TABLE Il!. 100% Screening Requirements 


= | wetnoa T reamt 


1. Wafer Lot Acceptance 5007 All Lots 


. Nondestructive Bond Pull (Note 14) 2023 100% a 
. Internal Visual (Note 1) 2020, Condition A 100% 2010, Condition B 


. Stabilization Bake (Note 16) 1008, Condition C, Min. 100% 1008, Condition C, Min., 
- 24 hrs. Min. - 24 hrs. Min. 


. Temperature Cycling (Note 2) 101 0, Condition C 100% 1010, Condition C 


. Constant Acceleration 2001, Condition E Min. 400% 2001, Condition E, Min. © 
ean Orientation Only : nae Orientation Only © 


7. Visual Inspection (Note 3) | 100% | 


. Particle Impact Noise Detection (PIND) 2010, = A aed 4) 100% ie neers 


. Serialization. ; | (Notes) = 5) | 400% | 


. Interim (Pre-Burn-In) Electrica! Per Applicable Device 100% Per EE Device 
‘Parameters. Specification (Note 13) : . Specification (Note 6) 


. Burn-in Test 1015 
240 Hrs. @ 125°C Min. 
(Cond. F Not Allowed) 


1015 
160 Hrs. @ 125°C Min. 


. Interim (Post Burn-In) Electrical Per Applicable Device 100% 
Parameters Specification (Note 13) i 
. Reverse Bias Burn-in (Note 7) 1015; Test Condition A, C, 
72 Hrs. @ 150°C Min. 100% 
(Cond. F Not Allowed) 


. Interim (Post Burn-In) Electrical Per Applicable Device 100% Per Applicable Device 100% 
Parameters Specification (Note 13) Specification 
1 % 5 
PEN Coenen bye Peramatic (Note 14), . All Lots 5% Parametric (Note 14) All Lots 
3% Functional 


. Final Electrical Test (Note 15) 
a) Static Tests 
1) 25°C (Subgroup 1, Table I, 5005) 
2) Max & Min Rated Operating 
Temp. 
’ (Subgroups 2, 3, Table | 5005) 
b) Dynamic Tests or Functional Tests Per Applicable Device Per Applicable Device 
1) 25°C (Subgroups 4 or 7) Specification Specification 
2) Max & Min Rated Operating 
Temp. 
(Subgroups 5 and 6 or 8, 
Table I, 5005) 
c) Switching Tests 25°C 
(Subgroups 9 Table I, 5005) 


Seal Fine, Gross 100%, (Note 8) peeesneteay, os 100%, (Note 9) 


. Radiographic (Note 10) | 2012 Two Views —_| 2 Two Views | 400% | 


. Qualification or Quality Conformance 
Inspection Test Sample Selection Noter 1) 5 a mele) Ser: 


. External Visual (Note 12) 2009 100% bee eel 100% 








Reliability Electrical Test Specifications (RETS™) (Ccontinuea) 
TABLE Ill. 100% Screening Requirements (Continued) 


Note 1: Unless otherwise specified, at the manufacturer’s option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g., bond strength requirements shall apply to 
each inspection tot, bond failures shall be counted even if the bond would have failed internal visual). 


Note 2: For Class B devices, this test may be replaced with thermal shock method 1011, test condition A, minimum. 


Note 3: At the manufacturer's option, visual inspection for catastrophic failures may be conducted after after each of the sharinal/nasenanicall screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 


Note 4: The PIND test may be performed in any sequence after step 6 and prior to step 16. See MIL-M-38510, paragraph 4.6.3. 
Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 
Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 


Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 


Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 


Note 9: For Class B devices, the fine and gross seal tests shall be performed separately or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(9.g., flatpacks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 5) shall be performed on each inspection 
lot following these operations. If the sample fails, 100% rescreening shall be required. 


Note 10: The radiographic screen may be performed in any sequence after step 9. 
Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005. 
Note 12: External! Visual shall be performed on the lot any time after step 19 and prior to shipment. 


Note 13: Read and record is required at steps 10 and 12 only for those parameters for which post-burn-in delta measurements are specified. All parameters shall 
be read and recorded at step 14. 


Note 14: The PDA shall apply to all subgroup 1 parameters at 25°C and all delta parameters. 
Note 15: Only one view is required for flat packages and leadless chip carriers with leads on all four sides. 
Note 16: May be performed at any time prior to step 10. 


TABLE IV. Group A Electrical Tests 


Subgroup 1 
Static Tests at 25°C 


Subgroup 2 
Static Tests at Maximum Rated Operating Temperature 


Subgroup 3 
Static Tests at Minimum Rated Operating Temperature 


Subgroup 4 
Dynamic Tests at 25°C 


Subgroup 5 
Dynamic Tests at Maximum Rated Operating Temperature 


Subgroup 6 
Dynamic Tests at Minimum Rated Operating Temperature 


Subgroup 7 
Functional Tests at 25°C 


Subgroup 8 
Functional Tests at Maximum and Minimum Rated Operating Temperatures 


Subgroup 9 
Switching Tests at 25°C 


Subgroup 10 
Switching Tests at Maximum Rated Operating Temperature 


Subgroup 11 
Switching Tests at Minimum Rated Operating Temperature 





Note 1: The specific parameters to be included for tests in each subgroup shall be as specified in the applicable procure- 
ment document. Where no parameters have been identified in a particular subgroup or test within a subgroup, no Group A 
testing is required for that subgroup or test. 


Note 2: A single sample may be used for all subgroup testing. Where required size exceeds the lot size, 100% inspection 
Shall be allowed. 


Note 3: Group A testing by subgroup or within subgroups may be performed in any sequence, unless otherwise specified. 


9-9 
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Military/ Aerospace Programs from National Semiconductor 


Reliability Electrical Test Specifications (RETS™) (Continued) 
TABLE V. Group B (Class B) 
Test (Note 1) LTPD 


Subgroup 1 
Physical Dimensions (Note 2) 2 Devices 
(No Failures) 


Subgroup 2 
Resistance to Solvents 4 Devices 


(No Failures) 


Subgroup 3 
Solderability (Note 3) 
Soldering Temperature of 245 +5°C 


Subgroup 4 
Internal Visual and Mechanical (Note 4) Failure Criteria from Design and Construction 1 Device 


Requirements of Applicable Procurement Document (No Failures) 


Subgroup 5 
Bond Strength (Note 5) 
1) Thermocompression 
2) Ultrasonic of Wedge 
3) Flip-Chip 
4) Beam Lead 


1) Condition C or D 
2) Condition C or D 
3) Condition F 
4) Condition H 


Subgroup 6 
Internal Water-Vapor Content (Note 6) 3 Devices 
; (0 Failures) 
1,000 ppm Maximum Water Content at 100°C (Note 7) or 
5 Devices 


(1 Failure) 


Subgroup 7 
Seal (Note 8) 
1) Fine 
2) Gross 


Subgroup 8 (Note 9) 
Electrical Parameters 
Electrostatic Discharge Sensitivity 
Electrical Parameters Group A, Subgroup 1 

Note 1: Electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements are not required, except for devices 

submitted to subgroup 7. 

Note 2: Not required for qualification or quality conformance inspections where Group D inspection is being performed on samples from the same inspection lot. 


Note 3: All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been through the temperature/time 
exposure of burn-in except for devices which have been hot-solder dipped or have undergone tin fusing after burn-in. The LTPD for solderabitity test applies to the 
number of leads inspected except in no case shall tess than 3 devices be used to provide the number of leads required. 


Note 4: Test samples for internal visual and mechanical shall be selected at any point following the seal operation. 


Note 5: Test samples for bond strength may, at the manufacturer's option, unless otherwise specified, be randomly selected prior to or following internal visual 
(precap) inspection provided all other specification requirements are satisfied. Unless otherwise specified, the LTPD sample size for condition C or Dis the number 
of bond pulls selected from a minimum number of 10 devices, and for conditions F or H is the number of dice (not bonds) (see Method 2011). 


Note 6: This test is required only if the package contains a desiccant. 

Note 7: Test 3 devices, if 1 fails, test 2 additional devices with no failure. > f 

Note 8: This test is not required if either the 100% screen or sample test is performed between steps 14 and 18 and 100% screening of Table 3 of this section. 
Note 9: Unless otherwise specified, test shall be performed for initial qualification and product redesign as a minimum. 


As Applicable 


Group A, Subgroup 1 








Reliability Electrical Test Specifications (RETS™) (Continueg) 
TABLE VI. Group B (Class S) 


Test (Note 1) 


Subgroup 1 
a) Physical Dimensions (Note 2) 


b) Internal Water-Vapor (Notes 2, 3) 


Subgroup 2 (Note 5) 
a) Resistance to Solvents 
b) Internal Visual and Mechanical 


c) Bond Strength (Note 6) 
1) Thermocompression 
2) Ultrasonic 
3) Flip-Chip 
4) Beam Lead 

d) Die Shear Test 


Subgroup 3. 
Solderability (Note 7) 


Subgroup 4 
Lead Integrity (Note 5) 
Seal 
1) Fine 
2) Gross 
Lid Torque (Note 3) 


Subgroup 5 (Notes 8, 9) 
a) Electrical Parameters (Note 11) 


b) Steady State Life 
c) Electrical Parameters 


Subgroup 6 (Note 5) 
a) Electrical Parameters (Note 11) 
b) Temperature Cycling 
c) Constant Acceleration 
d) Seal 
1) Fine 
2) Gross 
e) Electrical Parameters 


Subgroup 7 (Note 12) 
a) Electrical Parameters 
b) Electrostatic Discharge 
Sensitivity 
b) Electrical Parameters 


2016 
1018 


2003 or 
2022 


2004 
1014 
1005 


3015 





Quality/(Accept No.) 
or LTPD 


2 (0) 
3 (0) or 5 (1) (Note 4) 


5,000 ppm Maximum Water Content at 100°C 


4 (0) 

Failure Criteria from Design and Construction 2 (0) 
Requirements of Applicable Procurement 
Document 

LTPD = 10 
1) Condition C or D 
2) Condition C or D 
3) Condition F 
4) Condition H 


Per Method 2019 for the Applicable Die Size 3 (0) 


Soldering Temperature or 245 + 5°C LTPD = 15 


Condition Bg, Lead Fatigue 
As Applicable 


As Applicable 


Group A, Subgroups 1, 2, 3: Read and Record 
Group A, Subgroups 4-11: Attributes 

Condition C, D or E: 1000 hours 

Groups A, Subgroups 1, 2, 3: Read and Record 
Group A, Subgroup 4-11: Attributes 


Group A, Subgroups 1, 2, 3: Read and Record 
Condition C, 100 Cycles/min. 


Test Condition E: Y; Orientation Only 


Group A, Subgroups 1, 2, 3: Read and Record 


Group A, Subgroup 1 


Group A, Subgroup 1 
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Military/Aerospace Programs from National Semiconductor 


Reliability Electrical Test Specifications (RETS™) (continued) 
TABLE VI. Group B (Class S) (Continued) 


Note 1: Electrical reject devices from the same inspection may be used for all subgroups where electrical end-point measurements are not required, 

Note 2: Not required for qualification or quality conformance inspections where Group D inspection is being performed on samples from the same inspection lot. 
Note 3: This test is required only if it is a glass-frit sealed package. 

Note 4: Test 3 devices; if 1 fails, test 2 additional devices with no failures. 

Note 5: All samples for subgroup B2 must have been through the complete sequence of subgroup B6 tests. 


Note 6: Uniess otherwise specified, the LTPD sample size for conditions C and D is the number of bond pulls selected from a minimum of 4 devices and for 
conditions F and H is the number of dice (not bonds). : 


Note 7: All devices must be in the same lead finish that will be on the shipped product and shall have been through the temperature/time exposure of burn-in 
except for devices that have been hot-solder dipped or undergone tin fusing after burn-in. The LTPD applies to the number of leads inspected, except in no case 
shall less than 3 devices be used to provide the number of leads required. 


Note 8: The alternate removal-of-bias provisions of Method 1005 shall not apply for test temperatures above 125°C. 
Note 9: The same temperature must be employed for operating life that was used for the 100% burn-in. 

Note 10: For leadiess chip carriers, condition D will apply. 

Note 11: Read and record data Group A of quality conformance is acceptable. 

Note 12: Unless otherwise specified, test shall be performed for initial qualification and product redesign as a minimum. 


TABLE VII. Group C (Die-Related Tests for Class B and C Only) 


Subgroup 1 
Steady State Life Test . Test Condition to be Specified (1,000 hours at 125°C) 
End-Point Electrical Parameters As Specified in the Applicable Device Specification 


Subgroup 2 
Temperature Cycling Condition C 
’ Constant Acceleration Condition E min, Y; Orientation Only (Note 1) 
Seal As Applicable 
a) Fine 
b) Gross o 
Visual Examination Per Visual Criteria of Method 1010 or 1011 as 


End-Point Electrical Parameters Specified in the Applicable Device Specification 
Note 1: See paragraph 3 of Method 5005 for the procedure for large cavity package. 





Reliability Electrical Test Specifications (RETS™) (Continued) 
TABLE VIII. Group D (Package-Related Tests for Classes) 
Test 


Subgroup 1 (Note 1) 
a) Physical Dimensions 2016 


Subgroup 2 (Note 1,4) - 
Lead Integrity 2004 Test Condition B2 (Lead Fatigue) (Note 10) 
Seal 1014 As Applicable 
a) Fine 
b) Gross 


Subgroup 3 (Note 3) 
Thermal Shock Test Condition B Minimum, 15 Cycles Minimum 
Temperature Cycling Test Condition C, 100 Cycles Minimum 
Moisture Resistance (Note 4) 


Seal As Applicable 


a) Fine 

b) Gross 
Visual Examination | Per Visual Criteria of Method 1004 or 1010 
End-Point Electrical Parameter (Note 4) As Specified in the Applicable Device Specification 


Subgroup 4 (Note 3) 
Mechanical Shock Test Condition B Minimum 
Vibration Variable Frequency Test Condition A Minimum 
Constant Acceleration Test Condition E Minimum 
Y; Orientation Only (Note 6) 

Seal As Applicable 

a) Fine 

b) Gross 
Visual Examination Per Visual Criteria of Method 1010 or 1011 
End-Point Electrical Parameters As Specified in the Applicable Device Specification 


Subgroup 5 (Note 1) 
Salt Atmosphere 1009 Test Condition A Minimum 
Seal 1014 As Applicable 
a) Fine 
b) Gross 
Visual Examination Per Visual Criteria of Method 1009 
Subgroup 6 (Note 1) 
Internal Water-Vapor Content 1018 5,000 ppm Maximum Water Content at 100°C 3 Devices 
(0 Failures) 
or 
5 Devices 
(1 Failure)(Note 5) 


Subgroup 7 (Note 1) 
Adhesion of Lead Finish (Notes 7, 8) 2025 15 
Subgroup 8 (Note 1) 

Lid Torque (Note 2) 2024 


Note 1: Electrical reject devices from that same inspection lot may be used for samples. 

Note 2: Lid torque test shall apply only to packages which use a glass-frit sea! to lead frame, lead or package body (i.e., wherever frit seal establishes hermeticity or 
package integrity). 

Note 3: Devices used in subgroup 3, “Thermal and Moisture Resistance” may be used in Subgroup 4 “Mechanical”. 





5 (0) 


Note 4: At the manufacturer's option, end-point electrical parameters may be performed after moisture resistance and prior to seal test. 
Note 5: Test 3 devices; if 1 fails, test 2 additional devices with no failures. 

Note 6: See paragraph 3 of Method 5005 for the procedure for large cavity packages. 

Note 7: Does not apply to leadless chip carriers. 

Note 8: The LTPD applies to the number of leads to be tested. 

Note 9: The lead bend stress initial conditioning is not required for leadless chip carriers. 

Note 10: For leadless chip carriers only, condition D shail apply. 
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Military/ Aerospace Programs from National Semiconductor 


Reliability Electrical Test Specifications (RETS™) (continueg) 


TABLE IX. Group E (Radiation Hardness Assurance Tests) 


Test (Note 1) Quantity (Accept Number = 0) 


Subgroup 1 (Note 3) 
Neutron Irradiation 
a) Qualification 


11 per Wafer Lot 5 from each of 
3 Wafer Lots 
b) Quality Conformance 11 per Wafer Lot 11 per Wafer Lot 
End-Point Electrical Parameters Per Applicable Detail Specification 


Subgroup 2 
Steady-state Total Dose 25°C, Maximum Supply Voltage 
Irradiation 
a) Qualification (Note 2) 5 from each of 
3 Wafer Lots 
b) Quality Conformance (Note 2) 11 per Wafer Lot 
End-Point Electrical Parameters Per Applicable Detail Specification 


Note 1: Parts used for one subgroup test may not be used for the other subgroup but may be used for higher levels in the same subgroup. Total exposure shall not 
be considered cumulative unless testing is performed within the time limits of the test method. 


Note 2: 4 per wafer for devices type S less than or equal to 4000 equivalent transistors per chip, 2 per wafer for larger dice. Samples will be selected at radius 
approximately equal to two-thirds of the wafer radius and spaced uniformly around this radius. : 


Note 3: Subgroup 1 is not required for MOS devices. 





Reliability Electrical Test Specifications (RETS™) (continued) 
TABLE X. Wafer Lot Acceptance Tests 


Test 


1. Wafer Thickness (not 
required when the finished 
wafer design thickness is 
greater than 10 mils) 


2. Metallization thickness 


3. Thermal stability (applicable 
to: all linear; all MOS; all bipolar 
digital operating at 10V or 
more) 


4. SEM (Note 4) 


5. Glassivation Thickness 


6. Gold backing thickness 
(when applicable) 


Conditions Limits 
(Note 1) (Note 2) 


MIL-STD-977, Method 1580. 
Measurement shall be 
performed after final lap or 
polish. All readings shall be 
recorded. 


MIL-STD-977 Method 5500. All 
readings shall be recorded. 


MIL-STD-977, Method 2500. 
Record Veg or Vr. (Note 3) 


MIL-STD-883, Method 2018. MIL-STD-883, Method 2018. 


Maximum deviation of + 2 mil 
for approved design nominal 6 
mil minimum. 


a) Conductor: 8 kA minimum for 
single level metal and for the 
top level of multi-level metal: 

6 kA minimum for lower levels, 
with a maximum deviation of + 
20% from the approved design 
nominal. 

b) Barrier: Maximum deviation 
of + 30% from the approved 
design nominal. 


a)AVeg or AV7 < 0.75V for 
bipolar digital devices operating 
at = 10V and all bipolar linear 
devices not containing MOS 
transistors. The monitor shall 
have an oxide and shall be 
metallized with the lot. 

b)AVeg or AV] < 1.0V for 
bipolar linear devices that 
operate above 5V and contain 
MOS transistors and digital 
devices that operate above 10V 
and contain MOS structures. 

c) AVepg or AV7 < 0.4V for 
MOS devices. 


MIL-STD-977, Method 5500. All | 6 kA minimum for SiOz and 


readings shall be recorded. 


MIL-STD-977, Method 5500. All 
readings shall be recorded. 


2 kA minimum SigNq with 
maximum deviation of +20% 
from approved design nominal. 


Per approved design nominal 
thickness and tolerance. 


Note 1: Approved equivalent test methods may be used in lieu of the reference MIL-STD-977 methods. 
Note 2: Approved design nominal values or tolerances shall be submitted for line certification per DESC-EQM-42. | 
Note 3: All reading shall be normalized to oxide thickness of 1000A. 


Note 4: When wafer lots fail to pass the SEM requirements of Method 2018, compliance with the current density requirement shall not be used to waiver the SEM 
requirement. . 


Sampling Plan 


Two wafers per lot. Reject lot if 
any measurement exceeds 
limits or revert to test of each 
wafer. 


One wafer (or monitor) per lot. 
Reject lot if measurement 
exceeds limits or revert to test 
of each wafer. 


One wafer (or monitor) per lot. 
Reject lot if measurement 
exceeds limits or revert to test 
of each wafer. 

Separate monitors may be used 
but must be oxidized and 
metallized with the tot. 

A monitor consisting of a gate 
oxide metallized with the lot 
shall be used. 


MIL-STD-883, Method 2018. 
Lot acceptance basis. 


One wafer (or monitor) per lot. 
Reject lot if any measurement 
exceeds limits or revert to test 
of each wafer. 


One wafer (or monitor) per lot. 
Reject lot if any measurement 
exceeds limits or revert to test 
of each wafer. 
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National’s A+ Program 


ZA National 


Semiconductor 


National’s A+ Program 


A+ Program: A comprehensive program that utilizes Na- 
tional’s experience gained from participation in the many 
Military/Aerospace programs. 


A program that not only assures high quality but also in- 
creases the reliability of molded integrated circuits. 


The A+ program is intended for users who need better than 
usual incoming quality and higher reliability levels for their 
standard integrated circuits. 


Users who specify A+ processed parts will find that the 
program: 


© Eliminates incoming electrical inspection. 


* Eliminates the need for, and thus the added cost of, inde- 
pendent testing laboratories. 


© Reduces the cost of reworking assembled boards. 
Reduces field failures. 
® Reduces equipment down time. 


© Reduces the need for excess inventories due to yield loss 
incurred as a result of processing performed at indepen- 
dent testing laboratories. 


The A+ Program Saves You Money 


It is a widely accepted fact that down-time of equipment is - 


costly not only in lost hours of machine usage but also cost- 
ly in the repair and maintenance cycle. One of the added 
advantages of the A+ program is the burn-in screen, which 
is one of the most effective screening procedures in the 
semiconductor industry. Failure rates as a result of the burn- 
in can be decreased many times. The objective of burn-in is 
to stress the device much higher than it would be stressed 
during normal usage. 


Reliability vs. Quality 


The words “reliability” and “quality” are often used inter- . 


changeably, as though they connoted identical facets of a 
product’s merit. But reliability and quality are different, and 
IC users must understand the essential difference between 
the two concepts in order to evaluate properly the various 
vendors’ programs for products improvement that are gen- 
erally available, and National’s A+ program in particular. 


The concept of quality gives us information about the popu- 
lation and faulty IC devices among good devices, and gen- 
erally relates to the number of faulty devices that arrive ata 
user's plant. But looked at in another way, quality can in- 
stead relate to the number of faulty ICs that escape detec- 
tion at the IC vendor’s plant. 


It is the function of a vendor’s Quality Control arm to monitor 
the degree of success of that vendor in reducing the num- 
ber of faulty ICs that escape detection. Quality Control does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality level (AQL) in turn determines the strin- 
gency of the sampling. As the AQL decreases it becomes 
more difficult for defective parts to escape detection, thus 
the quality of the shipped parts increases. 


The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ- 
ment. Reliability is measured by the percentage of parts that 
fail in a given period of time. 


Thus the difference between quality and reliability means 
the ICs of high quality may, in fact be of low reliability, while 
those of low quality may be of high reliability. 


Improving the Reliabllity of Shipped Parts 


The most important factor that affects a part’s reliability is 
its construction; the materials used and the method by 
which they are assembled. 


Reliability cannot be tested into a part. Still, there are tests 
and procedures that an IC vendor can implement which will 
subject the IC to stresses in excess of those that it will en- 
dure in actual use, and which will eliminate marginal, short- 
life parts. 


In any test of reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time of failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 

National’s A+ Program 


National provides the A+ program as the best practical ap- 
proach to maximum quality and reliability on molded devic- 
es. The following flow chart shows how we do it step by 
step. 

SEM 


Randomly selected wafers are taken from produc- 
tion regularly and subjected to SEM analysis. 


Epoxy B Processing for All Molded Parts 


At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that 
gives, in detail, the background of Epoxy B, the 
reason for its selection at National, and reliability 
data that proves its success.) 


Six Hour, 150°C Bake 


This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, 
and helps eliminate marginal bonds and electrical 
connections. 





National’s A+ Program (continued) 


Five Temperature Cycles (0°C to 100°C) 


Exercising each device over a 100°C temperature 
range provides an additional die and package 
stress. 


High Temperature (100°C) 
Functional Electrical Test 


A high temperature test with voltages applied 
places the die under the most severe stress possi- 
ble. The test is actually performed at 100°C—15°C 
higher than the commercial ambient limit. All de- 
vices are thoroughly exercised at the 100°C ambi- 
ent. 


Electrical Testing 


Every device is tested at 25°C for functional and 
DC parameters. 


Burn-In Test 


Each device is burned-in for 160 hours at a mini- 
mum junction temperature of +125°C or under 
equivalent conditions of time and temperature, as 
established by a time-temperature regression 
curve based on 0.96 eV activation energy {i.e., 23 
hours at + 155°C). All burn-in done under steady- 
state conditions unless otherwise specified. 


DC Functional and Parametric Tests 


These room-temperature functional and paramet- 
ric tests are the normal, final tests through which 
all National products pass. 


Thermal Shock Monitor 


Samples from each package 

type are selected at random 

each week and submitted to 

cycles of liquid to liquid ther- 
mal shock —65°C to +150°C. In addition, sam- 
ples are selected every four weeks and subjected 
to 2000 temperature cycles of 0°C to + 25°C. 


Tighter-Than-Normal QC Inspection Plans 


Most vendors sample inspect outgoing parts to a 
0.3% AQL. When you specify the A+ program, 
we sample your parts to a 0.035% AQL at room 
temperature and 0.05% AQL at Ta Max. This eight 
times tightening (from 0.3 to 0.035% AQL) cou- 
pled with three 100% electrical tests, dramatically 
reduces the number of ‘‘escapes” and allows us 
to guarantee the AQLs listed below. 


[] Ship Parts 


Here are the QC sample plans used in our A+ test pro- 
gram: 

Test Temperature AQL 
Electrical Functionality 25°C } 2 
Parametric, DC 25°C one 
Parametric, AC 25°C 0.1% 
Electrical Functionality Ateach ees) 

; 0.05% 
Parametric, DC extreme. 

Mechanical 
Critical 0.01% 
Major 0.28% 
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Technical Terms and Definitions 


CURRENT 

High-Level Input Current, Ih 

The current into* an input when a high-level voltage is ap- 
plied to that input. 

Input Current at Maximum Input Voltage, || 

The current into* an input when maximum specified input 
voitage is applied. 

Low-Level Input Current, ty. 

The current into* an input when a low-level voltage is ap- 
plied to that input. 

Low-Level Input Current HiZ, Ij, z 

The current into* an input when a low-level voltage is ap- 
plied to the input with the device in the TRI-STATE condi- 
tion. 

High-Level Output Current, Ioy 

The current into* an output with input conditions applied 
that, according to the product specification, will establish a 
logic high level at the output. 

Low-Level! Output Current, Io. 

The current into* an output with input conditions applied 
that, according to the product specification, will establish a 
logic low level at the output. 

Off-State Output Current, Ig (IcEx) 

The current flowing into* an output with input conditions 
applied that, according to the product specification, will 
cause the output switching element to be in the off state. 


NOTE: This parameter is usually specified for open-collector outputs intend- 
ed to drive devices other than logic circuits: at a specified voltage 
usually greater than the Voc supply. 


Output Current of a TRI-STATE Device, loz 

The current into* a TRI-STATE output having input condi- 
tions applied that, according to the product specification, 
will establish the high-impedance state at the output. 
Short-Circuit Output Current, los 

The current into* an output when that output is short-circuit- 
ed to ground or any other specified potential, with input con- 
ditions applied to establish the output logic level farthest 
from ground potential or any other specified potential. 
Supply Current, Iccy 

The current into* the Vcc supply terminal of an integrated 
circuit when the outputs are in a logic high state. 

Supply Current, Icc. 


The current into* the Vcc supply terminal of an integrated 
circuit when the outputs are in a logic low state. 


VOLTAGE 

High-Level Input Voltage, Vjy 

An input voltage within the more positive (less negative) of 
the two ranges of values used to represent the binary vari- 
ables. 


NOTE: A minimum is specified that is the least positive value of high-level 
input voltage for which operation of the logic element within specifi- 
cation limits is guaranteed. 


*Current out of a terminal is given as a negative value. 
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Low-Level Input Voltage, Vi_ 

An input voltage level within the less positive (more nega- 

tive) of the two ranges of values used to represent the bina- 

ry variables. 

NOTE: A maximum is specified that is the most positive value of the low-lev- 
el input voltage for which operation of the logic element within speci- 
fication limits is guaranteed. 

Positive-Going Threshold Voltage, Vry 

The voltage !evel at a transition-operated input that causes 

operation of the logic element according to specification, as 

the input voltage rises from a level below the negative-going 
threshold voltage, VTL. 

Negative-Going Threshold Voltage, Vt. 

The voltage level at a transition-operated input that causes 

operation of the logic element according to specification, as 

the input voltage falls from a level above the positive-going 
threshold voltage, VTH. 

Hysteresis, Vuys 

The absolute difference in voltage value between the posi- 

tive going threshold and negative going threshold. 

Input Clamp Voltage, Vix 

An input voltage in a region of relatively low differential re- 

sistance that serves to limit the input voltage swing. 

High-Level Output Voltage, Voy 

The voltage at an output terminal with input conditions ap- 

plied that, according to the product specification, will estab- 

lish a logic high level at the output. 

Low-Level Output Voltage, Vo. 

The voltage at an output terminal with input conditions ap- 

plied that, according to the product specification, will estab- 

lish a logic low level at the output. 

Off-State Output Voltage, Voor) 

The voltage at an output terminal with input conditons ap- 

plied that, according to the product specification, will cause 

the output switching element to be in the off state. 

NOTE: This characteristic is usually specified only for the outputs not having 
internal pull-up elements. 

On-State Output Voltage, Vojon) 

The voltage at an output terminal with input conditions ap- 

plied that, according to the product specification, will cause 

the output switching element to be in the on-state. 

Output Clamp Voltage, Vox 


An output voltage in a region of low differential resistance 
that serves to limit the voltage swing. 


PROPAGATION TIME 


Propagation Delay Time, tpp 


The time between the specified reference points on the in- 
put and output voltage waveforms with the output changing 
from one logic level (high or low) to the other logic level. 
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Technical Terms and Definitions 


Technical Terms and Definitions (Continued) 


Propagation Delay Time, Low-to- sa Output, 
tPLH 

The time between the specified reference points on the in- 
put and output voltage waveforms with the output changing 
from the logic low level to the logic high level. 
Propagation Delay Time, High-to-Low-Level Output, 
tPHL . 

The time between the specified reference points on the in- 
put and output voltage waveforms with the output changing 
from the logic high level to the logic low level. 

Transition Time LOW to HIGH, trLH 

The time between two specified reference points on a 


waveform, normally specified between the 10% and 90% 
points, that is changing from LOW to HIGH. 


Transition Time HIGH to LOW, try 

The time between two specified reference points on a 
waveform, normally specified between the 90% and 10% 
points, that is changing from HIGH to LOW. 


TRI-STATE DELAYS 

Output Enable Time, tpz- 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from a high-impedance (off) 
state to the logic low level. 

Output Enable Time, tpzy 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from a high-impedance (off) 
state to the logic high level. , 
Output Disable Time, tp_z 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from the logic low level to a 
high-impedance (off) state. 

Output Disable Time, tpyz 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
TRI-STATE output changing from the logic high level toa 
high-impedance (off) state. 


CLOCK FREQUENCY 


Maximum Clock Frequency, fuax 


The highest rate at which the clock input of a bistable circuit 
can be driven through its required sequence while maintain- 
ing stable transitions of logic level at the output with input 
conditions established that should cause changes of output 
logic level in accordance with the specification. 


PULSE WIDTH 


Pulse Width, tw 


The time interval between specified reference points on the 
leading and trailing edges of the pulse waveform. 
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SETUP AND HOLD TIME 

Setup Time, tsy 

The time interval between the application of a single that is 
maintained at a specified input terminal prior to a consecu- 
tive active transition at another specified input terminal. 


Note 1: The setup time is defined as the time between two events and may 
be insufficient to accomplish the setup. A minimum value is speci- 
fied that is the shortest interval for which proper operation of the 
logic element is guaranteed. 


Note 2: The setup time may have a negative value in which case the mini- 
mum limit defines the longest interval of time between the active 
transition and the application of the other signal for which proper 
operation of the logic element is guaranteed. : 


Hold Time, tp 


The interval during which a signal is maintained at a speci- 
fied input terminal after an active transition occurs at anoth- 
er specified input terminal. 


Note 1: The hold time is defined as the time between two events and may 
be insufficient to accomplish the intended result. A minimum value is 
specified that is the shortest interval of time for which proper opera- 
tion of the logic element is guaranteed. 


Note 2: The hold time may have a negative value in which case the mini- 
mum limit defines the longest interval of time between the release of 
data and the active transition on the specified input for which proper 
operation of the logic element is guaranteed. 


TRUTH TABLE EXPLANATIONS 
Symbols generally associated with Functional Truth Tables. 
H = Logic high level (steady-state) 
= Logic low level (steady-state) 
. Transition from a logic low to high level 
= Transition from a logic high to low level 
= irrelevant (any input, including transitions) 


= off state (high-impedance) of a TRI-STATE 
output 


the level of steady-state inputs at inputs A 
through H respectively 


level of Q before the indicated. steady-state 
input conditions were established 


= complement of Qo or level of G before the 
indicated steady-state input conditions were 
established 


= level of Q before the most recent active tran- 
sition indicated by _ or “*. 


NOTE: if, in the input columns, a row contains only the symbols H, L, and/or 
X, this means the indicated output is valid whenever the input config- 
uration is achieved and regardless of the event sequence. The out- 
put logic state persists so long as the input configuration is main- 
tained. 


[f, in the input columns, a row contains (H, L, and/or X) together with 
— and/or “~~ this means the output is valid whenever the input 
configuration is achieved. However, the transition(s) must occur fol- 
lowing the application of the steady-state levels. If the output is 
shown as a level (H, L, Qo or Qo), it will be maintained so long as the 
steady-state input levels and the levels that terminate the defined 
transitions are maintained. Unless otherwise specified, input tran- 
sitions in the opposite direction to those shown have no effect on the 
steady state output. 
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NSC 


4/16 Lead 
Glass/Metal DIP 


Glass/Metal 
Flat Pack 


— 
8-, 14- and 16-Lead 
Low Temperature 

. Ceramic DIP 


TO-3 


8-, 14- and 16-Lead 
Plastic DIP — 


*With dual-in-line formed leads 
**With radically formed leads 
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TO-202 


.(D-40, Durawatt) 


TO-220 
3- & 5-Lead 


TO-220 
11-, 15- & 23-Lead 


Low Temperature 
Glass Hermetic 
Flat Pack 


TO-92 
(Plastic) 


(Narrow Body) 


(Wide Body) 
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AN-336 


Understanding Integrated 
Circuit Package Power 
Capabilities 


INTRODUCTION 


The short and long term reliability of National Semiconduc- 
tor’s interface circuits, like any integrated circuit, is very de- 
pendent on its environmental condition. Beyond the me- 
chanical/environmental factors, nothing has a greater influ- 
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 


However, through application calls, it has become clear that 


electrical stress conditions are generally more understood = | oo, time, the useful failure rate can be defined as the 


than the thermal stress conditions. Understanding the im- 
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 


thermal stress. Thermal stress and its application to inter- — 


face circuits from National Semiconductor is the subject of 
this application note. 


FACTORS AFFECTING DEVICE RELIABILITY 


Figure 1 shows the well known “bathtub” curve plotting fail- 
ure rate versus time. Similar to all system hardware (me- 
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 


INFANT 
MORTALITY 


(SHADED AREA) 


FAILURE RATE 





2 
WEAROUT TIME 
TL/F/5280-1 


EARLY LIFE USEFUL LIFE 


FIGURE 1. Failure Rate vs Time 


Infant mortality, the high failure rate from time tO to t1 (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem- 
bly and handling, and initial system test and operation. Al- 
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 


National Semiconductor 
Application Note 336 
Charles Carinalli 

Josip Huljev 


Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in . 
hours) that will be expected to elapse after a unit has failed 


' before the next unit failure will occur. These two primary 


“units of measure” for device reliability are inversely relat- 

ed: eres seu. 
1 

Failure Rate 

Although the “bathtub” curve plots the overall failure rate 


MTBF = 


percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between t1 and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 


Many factors influence useful life including: pressure, me- 
chanical stress, thermal cycling, and electrical stress. How- 
ever, die temperature during the device’s useful life plays an 
equally important role in triggering the onset of wearout. 


FAILURE RATES vs TIME AND TEMPERATURE 


The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur- 
rence of these failures is a function which can be represent- 
ed by the Arrhenius Model. Well validated and predominant- 
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex- 
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow- 
ing equation: 


eles F(4-3)| 
x2 PK \ To 4 


Where: X1 = Failure rate at junction temperature T1 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 


E = Thermal activation energy in electron volts 
(ev) 
K = Boltzman’s constant 
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However, the dramatic acceleration effect of junction tem- 
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en- 
ergies in Figure 2. This graph clearly demonstrates the im- 
portance of the relationship of junction temperature to de- 
vice failure rate. For example, using the 0.99 ev line, a 30° 
rise in junction temperature, say from 130°C to 160°C, re- 
sults in a 10 to 1 increase in failure rate. 


) 
_ 
co 
o 
o 
= 


FAILURE RATE (NORMALIZED TO 30°C 


90 120 150 180 210 
JUNCTION TEMPERATURE (°C) 
TL/F/5280-2 
FIGURE 2. Failure Rate as a Function 
of Junction Temperature 


DEVICE THERMAL CAPABILITIES 


There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte- 
grated circuit mounted into a printed circuit board. 

Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 


BOND WIRE 


DIE 


DE 
PACKAGE 


flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 
Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac- 
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela- 
tionship is: 
Ty = Ta + Pp (85a) 

Where: Ty = Die junction temperature 

Ta = Ambient temperature in the vicinity device 

Pp = Total power dissipation (in watts) 
654 = Thermal resistance junction-to- ambient 


64a, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur- 
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All interface circuit data sheets specify the ther- 
mal characteristics and capabilities of the packages avail- 
able for a given device under specific conditions—these 
package power ratings directly relate to thermal resistance 
junction-to-ambient or 6y,. 

Although National provides these thermal ratings, it is crit- 
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using interface components. 


ATTACH “(een 


DEVICE LEAD 


DIE 
JUNCTION 


(ENERGY MATERIAL 


SOURCE) 


MATERIAL SS RKC 


: PRINTED CIRCUIT BOARD 


FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 


TL/F/5280-3 


PRINTED 
CIRCUIT AMBIENT 
BOARD 


AIRFILM 
AROUND AMBIENT 
PACKAGE 


TL/F/5280-4 


FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING - 
JUNCTION TEMPERATURE 


From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
Oya. worst-case ambient operating temperature, Ta(max), 
the only unknown parameter is device power dissipation, 
Pp. In calculating this parameter, the dissipation of the inte- 
grated.circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 


The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re- 
sistance of 63°C/W is 108°C. 


Ty = 70°C + (63°C/W) X (0.6W) = 108°C 
The next obvious question is, “how safe is 108°C?” 


MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 


What is an acceptable maximum operating junction temper- 
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in- 
dustry has developed some defacto standards based on the 
device package type. These have been well.accepted as 
numbers that relate to reasonable (acceptable) device life- 
times, thus failure rates. 


National Semiconductor has adopted these industry- -wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack- 
ages, the maximum allowable junction temperature is 
175°C. The numbers are different because of the differenc- 
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 


Let us use this new information and our thermal equation to 
construct a graph which displays the safe.thermal (power) 
operating area for a given package type. Figure 5 is an ex- 
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded packaga, the maxi- 
mum allowable temperature is 150°C; at this point no power 
dissipation is allowable. The power capability at 25°C is 
1.98W as given by the folowing calculation: 
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The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re- 
ferred to as the derating factor. 


JA 

As mentioned, Figure 5 i is a plot of the safe thermal operat- 
ing area for a device i ina 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70°C in our previous example) and maximum 
device package power (600 mW) remains below the maxi- 
mum package thermal capability line the junction tempera- 
ture will remain below 150°C—the limit for a molded pack- 
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 150°C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 150°C and 
is not an appropriate operating condition. 


Derating Factor = 
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TL/F/5280-5 
FIGURE 5. package Power Capability 
vs Temperature 


The thermal capabilities of all interface circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce the 
package power capability stated by the derating factor 
which is expressed in mW/°C. For our example—a Oy, of 
63°C/W relates to a derating factor of 15.9 mW/°C. 


FACTORS INFLUENCING PACKAGE 

THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri- 
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist- 


_ance that can be impacted by the end user of the integrated 


circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 





Die Size 


Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases—this 
relates directly to having a larger area with which to dissi- 
pate a given power. 
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FIGURE 6. Thermal Resistance vs Die Size 


Lead Frame Material 


Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 43 type lead 
frame—these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capabiity. Molded interface circuits from National Semicon- 
ductor use the copper lead frame exclusively. 


‘16-PIN MOLDED DIP 
BOARD MOUNT—STILL AIR 
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FIGURE 7. Thermal Resistance vs 
Lead Frame Materlal 


Board vs Socket Mount 


One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol- 
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa- 
bilities of National Semiconductor’s interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 
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FIGURE 8. Thermal! Resistance vs 
Board or Socket Mount 


Air Flow 


When a high power situation exists and the ambient temper- 
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor- 
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor’s interface 
circuits data sheets relate to the still air environment. 
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FIGURE 9. Thermal Resistance vs Alr Flow 


Other Factors 


A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech- 
niques are required only in the very highest of power appli- 
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (834) and thermal resistance 
junction-to-case (@ jc). The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor- 
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem- 
perature. This is only used in extreme cases and is the ex- 
ception to the rule and, for this reason, is not addressed in 
this application note. 
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NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 


Figures 10 and 17 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Interface Circuits product family. 
Figure 10 is a composite of the copper lead frame molded 
package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther- 
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist- 
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 


RATINGS ON INTERFACE CIRCUITS DATA SHEETS 


In conclusion, all National Semiconductor Interface Prod- 
ucts define power dissipation (thermal) capability. This infor- 
mation can be found in the Absolute Maximum Ratings sec- 
tion of the data sheet. The thermal information shown in this 
application note represents average data for characteriza- 
tion of the indicated package. Actual thermal resistance can 
vary from +10% to +15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the interface data 
sheets reflect a 15% safety margin from the average num- 
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*Packages from 8- to 20-pin 0.3 mil width 
22-pin 0.4 mil width 
24- to 40-pin 0.6 mil width 
FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 
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bers found in this application note. Insuring that total pack- 
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 


The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25°C. 
For example, in a given product data sheet the following will 

be found: 


Maximum Power Dissipation* at 25°C 
Cavity Package 1509 mW 
Molded Package 1476 mW 
* Derate cavity package at 10 mW/°C above 25°C; derate molded package 
at 11.8 mW/°C above 25°C. 

If the molded package is used at a maximum ambient tem- 
perature of 70°C, the package power capability is 945 mW. 
Pp @ 70°C = 1476 mW — (11.8 mW/°C) X (70°C — 25°C) 
= 945 mW 


Cavity (J Package) DIP* 
Poly Die Attach Board 
Mount—Still Air 
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FIGURE 11. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 
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Small Outline (SO) Package 
Surface Mounting Methods- 
Parameters and Their 
Effect on Product Reliability 


The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 


COMPONENT SIZE COMPARISON 


S.O. Package 





—+| | TYPICALLY 0.050” LEADSPACING 


TL/F/8766-1 


Standard DIP Package 





—| |=- TYPICALLY 0.100” LEADSPACING TL/F/8766-2 
Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 


SO packages at National were internally qualified for pro- 

duction under the condition that they be of comparable reli- 

ability performance to a standard dual in line package under 

. all accelerated environmental tests. Figure A is a summary 

. of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. , 


V+=15V.CMOS ° 
30V BIPOLAR ’ 
85%RH/85°C 
TEST CONDITION » 


FAILURE RATE 





0 2000 
TEST TIME (HRS) 


4000 6000 


TL/F/8766-3 
FIGURE A 
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In order to achieve reliability performance comparable to 
DIPs—SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP contro! product for up 
to 6000 hours of accelerated 85%/85°C testing. 


SURFACE-MOUNT PROCESS FLOW 


The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera- 
tions, are illustrated on the following pages. 


Usual variations encountered by users of SO packages are: 
© Single-sided boards, surface-mounted components only. 


¢ Single-sided boards, mixed-lead inserted and surface- 
mounted components. 


© Double-sided boards, surface-mounted components only. 


© Double-sided boards, mixed-lead inserted and surface- 
mounted components. 


In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 


PRODUCTION FLOW 


Basic Surface-Mount Production Flow 
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Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 


COMPONENTS 


SUBSTRATES 


ADHESIVE 
DEVICE 
PLACEMENT 


. INVERT 
BOARD. 
AUTO-LEAD 
INSERTION 
WAVE 
SOLDERING 
CLEANING 
INSPECTION & 
REWORK 
ELECTRICAL 
TEST 


THERMAL EXPANSION 


TL/F/8766-5 


100 110 120 130 140 150 


Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure 8 illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro- 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 


SOLDER TEMPERATURE 260°C 


SURFACE MOUNTED 


STANDARD 
DIP PACKAGE 


012345 67 8 9 10 SEC. 


DWELL TIME 
TL/F/8766-6 
FIGURE B 


For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 
Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 160°C, Figure C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (Tq) of epoxy (typically 160-165°C), the ther- 
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 


LEAD=FRAME 


160 |170 180 
Tg 


T(°C) 
FIGURE C 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 


Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 


Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 


Group 1 — Standard DIP package 


Group 2 — SO packages vapor-phase reflow soldered on 
PC boards 


Group 3-6 SO packages wave soldered on PC boards 
Group 3 — dwell time 2 seconds 

4— dwell time 4 seconds 

5— dwell time 6 seconds 

6 — dwell time 10 seconds 
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, TL/F/8766-7 
FIGURE D 


It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. - 


When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 


PICK AND PLACE 

The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 
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The basic component-placement systems available are 
classified as: 


(a) In-line placement 
— Fixed placement stations 


— Boards indexed under head and respective compo- 
nents placed 


(b) Sequential placement 


— Either a X-Y moving table system or a 6, X-Y moving 
pickup system used 


—Individual components picked and placed onto boards 
(c) Simultaneous placement 
— Multiple pickup heads 


— Whole array of components placed onto the PCB at 
the same time 


(d) Sequential/simultaneous placement 
— X-Y moving table, multiple pickup heads system 


— Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 


The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 


MICRO PLACE SysTena 
MPS §Q & 
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BAKE 

This is recommended, despite claims made by some solder 

paste suppliers that this step be omitted. 

The functions of this step are: 

© Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

¢ Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 

¢ Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 

e Removes solvents which might otherwise contaminate 
other equipment. 

e Initiates activator cleaning of surfaces to be soldered. 


¢ Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 


* The flux will degrade and affect the characteristics of the 
paste. 

© Solder globules will begin to oxidize and cause solderabili- 
ty problems. 


¢ The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 


REFLOW SOLDERING 


There are various methods for reflowing the solder paste, 
namely: 


® Hot air reflow 

¢ Infrared heating (furnaces) 

* Convectional oven heating 

© Vapor-phase reflow soldering 
¢ Laser soldering 


For SO applications, hot air reflow/ ictrared finaes may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
“hot spots” in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. — 


HOT GAS REFLOW/INFRARED HEATING 


A hand-held or table-mount air blower (with appropriate ori- 
fice mask) can be used. 


The boards are preheated to about 100°C and then subject- 
ed to an air jet at about 260°C. This.is a slow process and 
results may be inconsistent due to various heat-sink prep e 
ties of passive components.: 


Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 


VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 


The commonly used fluids (supplied by 3M Corp) are: 

*¢ FC-70, 215°C vapor (most applications) or FX-38 me 
 FC-71, 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: . 


© Batch systems, where boards are lowered i in a basket and 
subjected to the vapor from a tank of boiling fluid. 


® In-line conveyorized systems, where boards are placed 
‘onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15- 30 

seconds (depending on the mass of the boards and the 

loading density of boards on the belt). 
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In-Line Conveyorized Vapor-Phase Soldering 
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The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 


Vapor-Phase Furnace : 
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Solder Joints on a SO-14 Package on PCB 
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PRINTED CIRCUIT BOARD 


The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 


The package can be reliably mounted onto substrates such 
as: 


© G10 or FR4 glass/resin 


¢ FR5 glass/resin systems for high-temperature 
applications 


© Polymide boards, also high-temperature 
applications 


© Ceramic substrates 
General requirements for printed circuit boards are: 


® Mounting pads should be solder-plated whenever 
applicable. 


¢ Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 


The mask also protects circuits from processing chemical 
contamination and corrosion. 


lf coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 


Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 


General requirements for solder mask: 
— Good pattern resolution. 


— Complete coverage of circuit lines and resistance to 
flaking during soldering. 


— Adhesion should be excellent on substrate material to 
keep off moisture and chemicals: 


— Compatible with soldering and cleaning requirements. 


SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 
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Solder Joints on a SO-14 Package on PCB 
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The typical lithographic “footprints” for SO packages are 
illustrated below. Note that the 0.050” lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 


e Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5—5 times larger than the aver- 
age particle size of paste material. 


e Use squeegee of Durometer 70. 

e Experimentation with squeegee travel speed is recom- 
mended, if available on machine used. 

© Use solder paste of mesh 200-325. 

¢ Emulsion thickness of 0.005” usually used to achieve a 
solder paste thickness (wet) of about 0.008” typical. 

© Mesh pattern should be 90 degrees, square grid. 


© Snap-off height of screen should not exceed 1%" , to avoid 
damage to screens and minimize distortion. 


SOLDER PASTE 


Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 


¢ Particle sizes (see photographs below). Mesh 325 (ap- 
proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 
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¢ Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 < magnitica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller soda balls away from their 
proper sites. , 


RECOMMENDED SOLDER PADS FOR SO PACKAGES 


SO-8, SO-14, SO-16 
0. ac +0.005” 
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¢ Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 


° RMA flux system usually used. 
¢ Use paste with aproximately 88-90% solids. 


SO-16L, SO-20 


penn] 


0.420” MIN 0.325" + 0.005” 


0.045” 
+0.005” 


0.030” + 0.005” +— 0.050” TYP 
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Comparison of Particle Size/Shape of Varlous Solder Pastes 


200 x Alpha (62/36/2) 


ly. 
20-1 2050 18 O08 O60 
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200 x Kester (63/37) 
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Comparison of Particle Size/Shape of Various Solder Pastes (Continued) 
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Solder Paste Screen on Pads 200 X Fry Metal (63/37) 
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CLEANING Bs ot 


The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 


Important considerations in cleaning are: 


® Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 


© A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 


Freon TMS (general purpose) 
Freon TE35/TP385 (cold-dip cleaning) 
Freon TES (general purpose) 


It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel- 
lent), which is desirable. 


Prelete or 1,1,1-Trichloroethane | 
Kester 5120/5121°° . 


® A defluxer system which allows the workpiece to be sub- 
jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
ments for low-volume production. 

© For volume production, a conveyorized, multiple hot sol- 
vent spray/jet system is recommended. 

¢ Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 


ic flux (SA flux), which is readily soluble in Freon TMS. 


solvent, has been developed. This should be explored 
where permissible. = 

The dangers of an inadequate cleaning cycle are: © 

lon contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

 Electro-migration, where ionic residue and moisture pres- 
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 


REWORK 


Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 


When rework is necessary in the field, specially-designed — 


tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 


Hot-Air Solder Rework Station 
MASK 


RETRACT POSITION 


HEAT SHIELD 


BOARD ON X-Y TABLE 
HOT AIR ——> 
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Hot-Air Rework Machine 
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lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 


WAVE SOLDERING 


In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 


Two options are used: - 


e Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 


system and the underside of the board (only lead-inserted 


leads) soldered. 


e Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
“dual wave” ‘soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 


Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 


The controls required for wave soldering are: 


© Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 


¢ RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste; which is more or less localized). Non- 
halide OA fluxes are highly recommended. 


© Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 100°C just before entering the solder wave. 


© Due to the closer lead spacings (0.050” vs 0.100” for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes “shadowing” of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 
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Mixed Surface Mount and Lead Insertion 


(a) Same Side 


PREHEAT 


A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where “shadowing” occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce “icicles,” and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 


AQUEOUS CLEANING 


¢ For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

¢ For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 


¢ Neutralizing agents which will react with the corrosive ma- 
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 


© Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 


ADHESIVE 


o/\ a 


(b) Opposite Sides 


AIR KNIFE 


TURBULENT WAVE 
SOLDER FLOW 
TL/F/8766-24 


Dual Wave 


TL/F/8766-25 


CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 

to provide insulation resistance, as well as protection 

against contamination and degradation by moisture. 

Requirements: 

¢ Complete coating over components and solder joints. 

® Thixotropic material which will not flow under the pack- 
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

© Compatibility and possess excellent adhesion with PCB 
material/components. 


® Silicones are recommended where permissible in 


application. 
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OS?-NV 


AN-450 


SMD Lab Support 


FUNCTIONS 

Demonstration—Introduce first-time users to surface- 
mounting processes. 

Service—Investigate problems experienced by users on 
surface mounting. 

Reliability Builds—Assemble surface-mounted units for re- 
liability data acquisition. 


Techniques—Develop techniques for handling different 
materials and processes in surface mounting. 
Equipment—lIn conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 
In-House Expertise—Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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Za National 


Semiconductor 


All dimensions are in inches (millimeters) 


16 Lead Hermetic Dual-In-Line Package (D) 


NS Package Number D16C 





(20.574) 
MAX 


0.270-0.305 
(6.858-7,747) 


0.050 +0.005 






a 0.180 
0.005 0.485 (1.270 20.127) '*? 4872) 
(0.127) (12.319) MAX  0.020—0.060 
MIN MAX pede atBOe nto ics 
| (0.508—-1.524) 





0.008-0.015 9.005 
(0.203-0.381) (0.127) 
MIN 
0.080 


0.290-0.320 (2.032) 
(7.366—8.128) 





"| L 0.100 +0.010 (3.175-5.080) (3.810) 
(2.540 +0.254 MIN 


0.015-0.023 a 
(0.381-0.584) 





0.125-0.200 0.150 


(2.540 +0.254) 
(0.100/(2.540) BSC 
TYP REL TO LEADS 
1 AND 16) 


D16C (REV H) 


20 Terminal Ceramic Leadless Chip Carrier (LCC) 


NS Package Number E20A 


0.063 —0.075 


(8.890 +0. 203) 


ae | Sah 


oe, I” 


a 


Tips A 


Top View Side View 


0.003 
(0.076 

MIN TYP 

0.022 zy 
(0.559;——>|_ |<—— 
MAX TYP 


Detail A 


(1.600 — 1.905) 












0.200 +0.005 
(5.080 0.127) 
cis age x 0.015+0.010 
(0.387 + 0.254) 
rai es 0.007—0.011 
MIN TYP (0.178 —0.279) 
RIYP 
0,022~0.028 
(0.559 -0.711) 
0.o77~0.093 A es 


(1.959—2.362) aa 
Sit = f 0.045~0.055 
(1.143 —1.397) 

TP 






0.045-0.055 
(1.143 —1.397) 
Tye 





0.067 0.083 
(1.702 2.108) 
TYP 


0.040 +0.010 
(1.016 £0.254) 
3 PLCS 


45° x 


Bottom View 


0.015 
(0.381) 


MAX TYP 


0.006 


(0.152) 


MIN TYP 


E204 (REV D) 
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Physical Dimensions 


16 Lead Ceramic Flatpack (F) 
NS Package Number F16B 


0.045—0.085 
(1.143 — 2.159) 


0.010—0.020 0.050 + 0.005 . 0.045 MAX TYP 


(0.254 —0.508) (1.270 0.127) : ac (1.143) ALL ENDS 


0.250—0.330 
(6.350 — 8.382) 


0.245 —0.285 
(6.223 — 7.239) 


0.250 —0.330 
(6.350 — 8.382) 


0.008-0.015 . | * 
oe (0.203 — 0.381) os 
(0.102 —0.152) ryp .0:015—0.019 (0.127) 
(0.381 — 0.483) 


F16B (REV K) 


12 Lead (0.400” Square Pattern) Metal Can Package (G) 
NS Package Number G12B 


0.545—0.555 
0.148 -0.181 (13.843 — 14.097) 
(3.759 — 4.597) DIA 


(0.762) 


MAX 
UNCONTROLLED 
LEAD DIA 


0.016-0.019 
(0.406 — 0.483) 
DIA TYP 


0.595 — 0.608 
{15.113 — 15.443) 
BIA 


0.026 —0.036 
(0.660 —0.914) 


0.026 —0.036 
(0.660 ~—0.914). 


G128 (REV C) 
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8 Lead (0.200” Diameter P.C.) TO-99 Metal Can Package (H) 
NS Package Number HO8C 


0.350 ~0.370 
(8.690 —9.398) 
DIA 0.315 -0.335 


(8.001 —8.509) nA 


0.025, 
0.165 —0.185 10.635) UNconTaOLeD 
(4.191 = 4.699) 


REFERENCE PLANE a ete he PLANE 
10. A 0.015 —0.040 


(0.381 — 1.016) 


pod [ang 0.016 0.019 0.016 —0.019 OIA TYP 


(0.406 — 0.483) 406 — 0.483) 


0.195—0.205 DIA 
(4.953 —5.207) P.C. 


0.029—0.045 ; 
(0.737 —1.143) "6 
0,028 --0.034 7 0.115-0.145 


sa (2.921—3.683) 
we, DIA 
® 


(0.711 —0.864) 
45° EQUALLY 
SPACED Ho8c (REV E) 


10 Lead (0.230” Diameter P.C.) TO-100 Metal Can Package (H) 


NS Package Number H10C 


0.350—0.370 
(8.890 —9.398) 
DIA 


0.165 —0.185 0.315 —0.335 


RETR LC (8.001 8.509) 
(4.191 4.699) ~ RA 


oe Y REFERENCE PLANE 
SEATING PLANE 


(0. 5 LEAD DIA 


0.500 0.035 


(12.70) (0.889) 0.015 -0.040 
MIN MAX ail i (0.381 — 1.016) 


0.016-0.019 


(0.406 0.483) OA TYP 


0.028 —0.034 
(0.711 —0.864) 


0.029 ~0.045 
(0.737 —1.143) 


0.115 —0.145 
(2.921 —3.683) 
DIA 


H10C (REV E) 
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Physical Dimensions 


8 Narrow Lead Ceramic Dual-in-Line Package (J) 
NS Package Number JO8A 


0,400 
(10.160) 
0.310 


Fam 874) MAX GLASS 


0.220 —0.291. 
(5.558 — 7.391) 


(0.254) 
RAD TYP 


0.015 0.030 -0.070 
wpe} 0:290=0.320 agg MIN (0.762 —1.778) 
(7.366 —8, 128) TYP 

GLASS 


SEALANT 


(4.572) 


0.008—-0.012 95°+5° 
(0.203 —0.305) a 0.020 -0.060 
Oe (1.397) 
MAX 


me 0.018+0.003 0.125—0.200 (0,508 — 1.524) 


0.310 0.410 
(0.457 + 0.076) (3.175 — 5.080) 
TYP 


(7.874—10.41) 


BOTH ENDS 0.100 +0.010 


(2.540 + 0.254) Ye 


JOBA (REV J) 


14 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J14A 


0.785 
(19.939) 


(5.588~7.874) 


0.290-0.320 0.005 0.200 
(7.366-8.128) (0. wail GLASS 0.060 +0.005 (5.080) 
me SEALANT (1.528 20.127) vl MAX 9,920--0.060 
(0.508—1.524) 





# 86°94° TYP 
10° MAX 0.008—-0.012 
PAL Le (0.203-0.306) oa “0.018 40.003 003 | 
le Bleed ~ (0.457 40. 0t8 20.08 | S702 
(2.489) (3.175-5.080) 
MAX BOTH ENDS 0.100 +0.010 ase 


(2.540 +0.254) 540 +0.254) (3.81) 81) 
MIN J14A (REV G) 
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16 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J16A 


SEALANT 


0.055 + 0.005 
(1.397 + 0.127) 


_0.005 


(0.127) 
MIN 


0.290—0.320 
(7.366 —8.128) ia | 


0.180 Lo7Q50 4.50 
(4572) 
-_ 


0.008 — 0.012, 
\~ (0.203 —0.305) 


0.080 
(2.032) 
MAX 
BOTH 
ENDS 


0.310 —0.410 
(7.874 — 10.41) 


3 


20 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J20A 





0.018 +0.003 o3 | 
(0.457 +0.076) a 


0.100 +0.010° 
(2.540 +0.254) 540 +0.254) 


a esisAud 


SUOISUSLI! 


0.220—0.310 
(5.588 ~ 7.874) 


0.005 — 0.020 


(0.127 —0.508) 
RAD TYP 


0.200 
(5.080) 


0.125—0.200 0.020-0.060 
(3.175 —5.080) (0.508 — 1.524) 


0.037 +0.005 
(0.940 +0.127) 
Jt6A (REV K) 


0.985 


(0.025 


(0.635) 
RAD 
0.220-0.310 


(5. ee 7.874) 


a 
(0.127 —0.508) 
RAD TYP 0.037 + 0.005 
a (0.940 + 0.127) 
0.005 
~ (0.127) 
MIN 


0.290 — 0.320 
(7.366 — 8.128) 


95° +5° 86° 94° 
0.008 —0.012_ 
(0.203 — 0.305) 


0.060 
(1.524) 524 


|, _0.310-0.410 0.310-0.410 


(7.874— 10.41) 


0.100 + 0.010 


BOTH ENDS 0.100+0.010 
(2.540 0.254) 
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(25.019) ——————__—__»> 
MAX 





0.055 +0.005_ 
(1.397 £0.127) 0.020 — 0.060 


(0.508 — 1.524) 


0.125 —0.200 


(3.810) 0.125—0.200. 
(3.175 — 5.080) 


MIN 
0.018 + 0.003 
(0.457 +0.076) 


J20A (REV M) 


NS Package Number J24A 


imensions 


Physical D 


0.030-0.055 


(0.762-1.397) 
RAD TYP 


0.590-0.620 0.005 
(14.986-15.748) (0.127) 
MIN 


0.008-0.012 
(0.203-0.305) 
0.098 


(2.489) 
MAX 


95" 15° 
+0.025 


(1740 1528 


Jer 


(2.540 10.254) 


24 Lead Ceramic Dual-In-Line Package (J) 


1.280 


(32.766) 


GLASS 
SEALANT 


28 Lead Ceramic Dual-In-Line Package (J) 


NS Package Number J28A 


(0.635) 
RAD 


0.030-0.055 


(0.762-1.397) 
RAO TYP 
0.180 
(4.572) 
0.690-0.620 MAX 
(14.966-15.748) 


0,008-0.012 “i 
(0.203-0.305) 


| +0.025 
0.685 0.080 
+0.635 


(1740 11524 


95° 16° 


a 
0.080-0.100 
(1.524-2.540) 


1.490 
(7.840) ™ 


0.100 +0.010 


(2.540 +0.254) 
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0.055 :0.005 
(1.397 +0.127) 


Jie 





0.018 +0.003 gy 


(0.457 +0.076) 94° (3.175—5.080) 
TYP MIN 


0.055 +0.005 


(1.397 0.127) 


0.018 «0.002 
(0.457 0.508) 





0.600 
(15.240) 


0.514-0.526 
(13,06-13.36) 


(4.572) 


MAX 
0.020-0.070 


(0.508-1.778) 


0.125-0.200 0.150 


(3.810) 
MIN 


J24A (REV) 


(15.240) 
MAX GLASS 


0.514-0.526 
(13,06-13.36) 


(5.715) 


_ MAX 


0.020-0.070 
(0.508—1.778) 


J2BA REV Et 


8 Lead (0.150” Wide) Molded Small Outline Package (M) 


NS Package Number M08A 


0.150 —0.157 


(3.810 —3.988) 
0.010-0.020 450 


(0.254 —0,508) ~ 
0.004 | 


0.102) 
0.008 —0.010 { 

ALL LEAD TIPS 
(0.203 0.254) 
TYP ALL LEADS 





0.189 — 0.197 
(4.800 — 5.004) 


0.228 -0.244 
(5.781 —6.198) 


LEAD NO. 1 
IOENT 


0.053 —0.069 
(1.348 -1.753) 
8° MAX TYP 
ALL LEADS 


0.016 —0.050 
(0.406 ~1.270) 


0. 
TYP ALL LEADS 08 TYP 


(0.203) 


14 Lead (0.150” Wide) Molded Small Outline Package (M) 


NS Package Number M14A 


0.150 0.157 
(3.810 —3.988) 


0,010-0.020 
(0.254—0.508) **® [~ 


Ee 


0.008 0.010 
(0.102) 


(0.203 0.254) 
ALL LEAD TIPS 


8° MAX TYP 
ALL LEADS 


TYP ALL LEADS 


| f 
0.016 —0.050 
(0.406 — 1.270) 


TYP ALL LEADS: 


0.335-0.344 


- eee ts ee 





SUOISUaWIG jeaiskyd 


(0.254) 


0,004 — 0.010 
(0.102 ~0.254) 


SEATING 
PLANE 


0.014-0.020 ryp 
(0.356 —0.508) 


MO6A (REV H) 


(8.509 — 8.738) 


- an 


13° 12 0«11 


0.228 —0.264 
(5.791 — a LO 
LEAD NO. 1 = 

IDENT 


9.053 ~ 0.069 
(1.346 - 1.753) 


SEATING 
oi a 
0.004 
(0356) 
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(i Thatll a L ig 
0.008 , 
(0.203) 


10 069 { 


a 


0.004—0.010 
a 102 —0.254) 


Cae 0.014~0.020 typ 
“*~ (0.356 —0.508) 


M144 (REV Hy 


Physical Dimensions 


16 Lead (0.150” Wide) Molded Small Outline paenede ae 


NS Package Number M16A 


0.010 —0.020 
(0.254—0.508) * 
8° MAX TYP 
me LEADS 


0.150—0.157 

al 3.988) 
vt | 0.050 
{0.406 1.270) 


TYP ALL LEADS 


i 0.008 —0.010 
205 0.254) 1 pte 


ji is es 


0.386 —0.394 
(9.804 — 10.00) 


0.228 -0.244 
(5.794 —6.198) 


0.010 sany 
(0.254) 


0.053 —0.069 
(1.345 -1.753) 


0.004 — 0.010 
(0.102 -0.254) 


slats 


i ae 
0.050, 0.014-0.020 
(6.356) nz 27) is 
0.008 5 


(0.356 —0.508) 





(0.203) . |) MIA (REV Hy 


16 Lead (0.300” Wide) Molded Small Outline Package (M) 


NS Package Number M16B 


0.291-0.299 
(7.391—7.595) 
0.010-0.029 4. 
(0.254—0.737) 
0,009 -0.013 
(0.229 -0.330) 8° MAX TYP 
ALL LEADS 


ALL LEAD TIPS 


| 0.016 -0.050 
ne 10.406 1.270) 
TYP ALL LEADS 


0.398 — 0.413 


(10.11 ~ 10.50) 
16 15 14 «13 «12 «11«100=«9 


(0.394- 0.419. 
(10.01 — 10.64) 


LEAD NO. 1_=() 
No. te) 


0.093-0.104 
(2-362 —2.642) 


*9,004-0.012 
(0.102 —0.305) 


0.014—0.020 typ 
{0.356 -0.508) 
0.008 typ 
(0.203) M16B (REV E) 
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20 Lead (0.300” Wide) Molded Small Outline Package (M) 


NS Package Number M20B 


0.496 -0.512 
(12.598 — 13.005) 


0.394-0.619 
(10.008 — 10.643) 


LEAD NO. 1 


0.291 -0.299 
(7.391 —7.595) 
0.010-~0.029 : 


(0.284—-0.737) “45° ‘ 


0.009 —0.013 
(0.229—0.330) 
TYP ALL LEADS 


8° MAX TYP 
ALL LEADS 


ame | f 


(0.402) 0.016 —0.050 
ALL LEAD TIPS (0.406 - 1.270) 
TYP ALL LEADS 





0.093 0.104, 
(2.362 —2.642) 


0.004 —0.012 
a 102 —0.305) 





8 Lead Molded Dual-In-Line Package (N) 
NS Package Number NO8E 


-0.373—0.400 
(9.474 — 10.16) 


0.092 
(2.337) 


PIN NO. 1 IDENT 
OPTION 1 


DIA 


0.280 
(7.112) 
0.300 - 0.320 
(7.628.128) 


95°+5° 


0.009 - 0.015 
(0.229 —- 0.381) 


+0.040 
0.325 _ 9 015 


0.045 +0.015_ 
(1.143 0.381) 


0.050 
(1.270) 


0.090 
(2.286) 


0.032 + 0.005 

(0.813 + 0.127) 
0.250+ 0.005 RAD 
(6.35+ 0.127) 


‘OPTION 2 
0.145 —0.200 
(3.683 —5.080) 


0.125—0.140 


(3.175 —3.556) 175 ~3.556) 0.020 


(0.508) 
MIN 
0.018 +0.003 


(0.457 + 0.076) 
0.100 +0.010 


(2.540 0.254) 
i 0.060 


(1.528) 


NOSE (REV F) 
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SEATING 


“ cs PLANE 

0.014 —0.020 typ 

— (0.356 —0.508) 
9.008 ty; 

10.203) 203)" M20B (REV F) 


ig jeo1skyd 


SUOISUOLUI 


Physical Dimensions 


14 Lead Molded Dual-in-Line Package (N) 
NS Package Number N14A 


0.740 -0.770 
(18.80 — 19.56) 


0.250+0.010 
(6.350 +0.254) 


0.092 4 0.030 MAX 
(2.337) (0.762) DEPTH 


_ OPTION 1 


0.135 0.005 
(3.429 £0.127) 
_ 0.445 -0.200 0.060 rp 4° TYP 
(3.683 —§.080) (1.524) OPTIONAL 


0.020 90° £4° TYP 
- (0.508) | ; 
MIN _0.125-0.150 0.075 +0.015 


(3.175 — 3.810) ; (1.905 0.381) 
0.014 ~0.023 
a TYP | 0,100 +0,010 


(0.356 —0.584) 
(2.540 + 0.254) 
0.050+0.010 


(1.270 ~0.254) 


16 Lead Molded Dual-In-Line Package (N) 
NS Package Number N16A 


0.843-0.870 
0.092 ——— (21.41-22.10) 


(2.337) 
OIANOM 
(2X) 


PIN NO. 1 IDENT 


0.030 

(0.762) 
te a aes 
(7.620-8.128) | 0.065 0.060 | 


(1.651) ~—«*(1.624) 


95°25° 0.009-0.015 
(0.229-0.381) 


|~____..| 0.075 +0. 0.075 +0.015 Le 
0.325 0325 Ts nat (1.905 20.381) |. 
=10i) 0.100 +0.010 


(a.zss “1018 (2.540 20.284) 
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OPTION 02 


0.300-0.320 
(7.620-8.128) 0.065 


(1.651) 


yf 


g5°+5° 0.008 — 0.016 TYP . 


(0.203—0.406) 
0.280, 
(7.112) Alta 


+0. +0080” 
—0.015 
ete) 
~0.381 


0.325 


(0.255 


NI4A (REV F) 


0.250 +0.005 


0.130 +0.005 
(3.302 20.127) 


0.145-0.200 
(3.683-5.080) 


90°24 "9.020 


0.018 20.003 0.125-0.140 (0.508) 
"(Oa57 20.076) | (3-175-3.556) 


N16A (REV E) 





18 Lead Molded Dual-In-Line Package (N) 
NS Package Number N18A 


0.092 0.030 


(2.336) (0.762) 
NOM MAX 
DEEP (2 PLCS) 


PIN NO. 1 IDENT 


aia 2 
MIN 


0.300-0.320 
(7.620-8.128) as 


95°+5° 


ame 


0.325 _9 915 


(o25s " (o2ss *1218) 


20 Lead Molded Dual- 


ajesiskud 


0.843-0.870 


0.090 (21.41-22.10) 


(2.286) 


SUOISUDUI! 


0.130 20.005 


0.065 0. 
(3.302 +0.127) 


(1.651) (1.524) 


0.025 +0.015 ae ES 
(0.635 20.381) 


0,100 20.010. 
(2.540 +0.254) 
TYP 


0.145-0.200 
(3.683-5.080) 





0.125-0.140 ias09 


(3.175-3.556) 


ul [sere soona 0.018 +0.003 
(0.457 +0.076) 
N1BA (REV E) 


In-Line Package (N) 


NS Package Number N20A 


0.092 X 0.030 


(2.337 X 0.762) 
MAX OP 


PIN NO. 1 IDENT 


OPTION 1 


7 Te 
MIN 
0.300-0.320 
(7.620-8.128) 


0.325 _9 015 


+1016 
(e285 ae) 


0.065 


651) 
0,009-0.015 | 


. ox 381) 


“b 060 +0.005 
(1,524 +0.127) 








1.013-1.040 
(25.73-26.42) 


0.032 0.005 
(0.813 £0,127) 
0.260 +0.005 ae 


OPTION 2 


OPTION 2 
4° (4X) 


0.130 0.005 


(1.524) (3.302 0.127) 


0.145-0.200 
(3.683~5.080) 


90°s 0.004° 


Sumas, 2) Le 
(2.540 20.254) 0.01820.003 || 


(0.457 +0.076) 


0.020 


(0.508) 
MIN 


0.125-0.140 
(3.175-3.556) 


N20A (REV G) 
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Physical Dimensions 


22 Lead Molded Dual-In-Line Package (N). 
NS Package Number N22A 


1.093-1.120 
(27.76-28.45) 


0.350 +0.005 
(8.890 +0.127) 


0.400-0.420 
(10.160—10.668) 


_. 0.380 
Alene 


(9.652) 0.030 
MIN (0.762) (1.651) 


0.065 T e— 0.130 +0.005 
(3.302 +0.127) 


0.145-0200, 
(3.683-5.080) 


95° +5° 0.009-0.015 | 
0.425 +0.025 (0.229-0.381) 


Lega UNE | Les bes rll 0.125-0.140 


+0.635 TTT 
(to.795 *7.835) 0.050 20.015 0.100 20.010 0.018 +0003 ——(9.175-3.556) 


(1.270 +0.381) (2.540 +0.254) (0.457 +0.076) 


N22A (REV D) 


24 Lead Molded Dual-In-Line Package (N) 
NS Package Number N24A 


1.243-1.270 
(31.57-32.26) 


0.540 +0.005 
13.716 +0.127) 
PIN NO. 1 IDENT 


; DOTTED OUTLINES 
REFLECT ALTERNATE 
0.580 MOLDED BODY CONFIGURATION 


(14.73) 0.030 
MIN .|>— 
(0.762) 0.075 
0.600-0.620 MAX 71905) 0.060 Bassin 0.160 +0.005 
(15.24—15.748) i (1,524) : (4.064 +0.127) 


0.170-0.210 
(4.318-5.334) 


0.625 *2:025 (0.229-0. 


~0.015 0.075 +0.015 _| 0.018 +0.00 0.1250.140 (0.381) 
th) (1.905 +0.381) 0.100 20.010 (0.457 0.076) ——————~—— any 


15.875 (3.175—3.556) 
a (2.540 20.254) 


N24A (REV E} 
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24 Lead Skinny Dual-In-Line Package (0.300” Centers Molded) (N) 


NS Package Number N24C 


0.300 — 0.320 
(7.62 ~8.128) 


0.009—0.015 
(0.229 —0.381) 


+0.040 
0.325 0.015 
epee) 


(2.285 0.381 


0.092 


(2.337) 


(2 PLS) 


PIN NO. 1 


(1.651) 


0.075 +0.015 
(1.905 + 0.381) 


1.243 — 1.270 
(31.57 — 32.26) 
MAX 


EJECTOR PINS 
OPTIONAL 


9.018 £0,003 
(0.457 + 0.076) 
TYP 


0.100 +0.010 
(2.54+0.254) 
TYP 


SUOISUAWIG [edISAUd 


0.2604 0.005 
(6.604 + 0.127) 


0.130 + 0.005 
(3.302 £0,127) 


a 0,145 —0.200 
J (508 08) 3.683 —5.000 5.080) 


0.125 —0.145 
“(3.175 — 3.556) 
MIN 


90°+4° TYP 


N24C (REV F) 


28 Lead Molded Dual-In-Line Package (N) 
NS Package Number N28B 


0.510+0.005 
(12,95 + 0.127) 


mit 2} [3] (4) 18} 18] 
PIN NO. 1 IDENT 
1.393 —1.420 
(35.38 — 36.07) 


0.145—0.210 0.050 
(3.683 —5.334) (1.270) 0.125 —0.165 
(3.175—4.191) 9 20 


(0.508) 


0.030 0.600 —0.620 
(0.762) (15.24 —15.75) 


0.009-0.015 
(0.229 0.381) Bear te 
0.050+0.015 | 0.100+0.010 0.018+0.003 
(1.270 0.381) (2.54020. eal k >| ere baTa 457 £0,076) aan 


+0.025 
0.625 0.015 


+0.635 
(15.88 eo, N28B (REV E) 
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Imensions 


Physical D 


40 Lead Molded Dual-In-Line Package (N) 


NS Package Number N40A 


0.580 
(14.73) 
MIN 
0,600-0.620 
(15.240-15.748) 


0,009-0.015 
40.028 (0.228-0.381) 


fama tas 0.076 20.015 | 
—a | 
= (is.ns 28%) -| (1.905 20.381) 


(is. 876 4: =) 


95°s5° 


20 Lead Plastic Chip Carrier (V) 
NS Package Number V20A 


4 SPACES AT 


0.050 
(1.270) | , 
19] 201 2 


0.050 
(1.270) 


“0.310 0.330 
(7.874 — 8.382) 
(CONTACT DIMENSION) 


0.026 —0.032_ 
(0. (0.660—0.813) 3) 


TYP 
9.005~—0.015 
(0.127 —0.381) 


9.104 — 0.118, 
{2. (2.642 —2.997) 2.997) 0,350 


(8.890) 
REF SQ 


(9.779 — 10.03) 


SQUARE 





2.043-2.070 
(51.89-52.58) 


0.100 +0.010 |S 0.018 +0.003 
{2.540 +0.254) (0.457 +0.078) 


0.080 

(2.032) 
OA NOM 
PEDESTAL 


(5.740) 
NOM 
SQUARE 


0.013 -0.018 
(0.330 — 0.457) 


YP 
‘ 0.020 


(0.508) 
MIN 


0.032-0.040_ 
(0.813 — 1.016) 


0.165 -0.180 
(4.191 — 4.572) 


V20A {REV J) 
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0.550 +0.005 
(13.970 +0.127) 


0,125—-0.165 


{3.175-4.191) 


0,145-0.210 
(3.683-5.334) 


0.125-0.140 
{3.176-3.658) 


N4DA (REV E) 





28 Lead Plastic Chip Carrier (V) 
NS Package Number V28A 


6 ern AT 


iz aati 
0.130, 


ee 302) 
DIA 


NOM 
PEDESTAL 


6 SPACES AT 0.326 
0,050 22 (8.280) 
(1.270) NOM SQUARE 


0.410-—0.430 


(10. a : 2) 
contact DIMENSION) : 
0,020 0.013-0.018 


0.032-—0.040 (0.808 {0.330 - 0.457) 0.165 ~ 0.180 
(0.813— 1.016) MIN Te (4.191 ~ 4.872) 


tia! 0,015 a 


(0.127 — 0.381) 
0.026 — 0.032 0.104—0.118 
(0.660 — 0.813) 2.642 ~ 2.997, 
TyP : } 


0.485 —0.495 
(12.32 ~ 12.57) 
SQUARE V28A (REV G} 


44 Lead Plastic Chip Carrier (V) 


NS Package Number V44A 


0.526 


10 SPACES AT 
0.050 =0.500 
(1.270 = 12.70) 


0.230, 


DIA NOM 
0.050. | ae e 


10 SPACES AT 
0.050 = 0.500 
(1.270 = 12.70) 


0.610 — 0.630 
q— (15.49- 16.00) 
0.032—0.040 0.020 SQUARE 0.165 0.180 
(ora t.016) (oss) (CONTACT DIMENSION) 0.013-0.018 (4.191—4.572) 
(0330—0.457) 
= | ied | TYP ! 
ee 005— 0.095 puna 


BaP a 0.026 - 0.032 0.104—0.118 
10.660 —0.613) (2.642 —2.997) 
TYP 





0.650 


(16.51) 
REF SQ 


0.685 —0.695 
(17.40- 17.68) 


Ve4a (REV H) 
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suolsuawig jeaishug 


imensions 


Physical D 


14 Lead Ceramic Package (W) 
NS Package Number W14B 


0.055=0.080 


(1.397=2.032) 


0.026-0.035 0.050 20.005 


(0.660-0.889) (1.270 £0.127) 
Typ TYP 


SEE 
DETAIL A 
PIN #1 
IDENT 


0.004-0.006 _,||__ 0.015-0.019 _,| 


(0.102=0.152) 


TYP 


(0.381~0.483) : 


0.370-0.385 


(9.398-9.779) 


0.250=0.370 


(6.350-9.398) 


0.245=0.255 


(6.223=6.477) 


0.250-0.370 


(6.350=9.398) 
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0.008-0.012 
(0.203=0.305) 


DETAIL A 


W14B (REV H) 











NOTES 


NOTES 


NOTES 


NOTES 


NOTES 





NOTES 





NOTES 





NOTES 
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Pioneer 
(216) 587-3600 
Dayton 
Hamilton/Avnet 
(513) 439-6700 
Pioneer Standard 
(513) 236-9900 
Zeus Components 
(914) 937-7400 
Dublin 
Time Electronics 
(614) 761-1100 
Solon 
Arrow Electronics 
(216) 248-3990 
Hamilton/Avnet 
(216) 831-3500 
Westerville 
Hamilton/Avnet 
(614) 882-7004 


OKLAHOMA 


Tulsa 
Arrow Electronics 
(918) 252-7537 
Hamilton/Avnet 
(918) 252-7297 
Pioneer Standard 
(918) 492-0546 
Radio Inc. 
(918) 587-9123 


OREGON 

Beaverton 
Almac-Stroum Electronics 
(503) 629-8090 
Anthem Electronics 
(503) 643-1114 
Arrow Electronics 
(503) 645-6456 
Hamilton/Avnet 
(503) 627-0201 

Lake Oswego 
Bell Industries 
(503) 635-6500 

Portland 
Time Electronics 
(503) 684-3780 


PENNSYLVANIA 
Horsham 
Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215) 674-4000 
King of Prussia 
Time Electronics 
(215) 337-0900 
Monroeville 
Arrow Electronics 
(412) 856-7000 
Pittsburgh 
Hamilton/Avnet 
(412) 281-4150 
Pioneer 
(412) 782-2300 


TEXAS 

Austin 
Arrow Electronics 
(512) 835-4180 
Hamilton/Avnet 
(512) 837-8911 
Pioneer Standard 
(512) 835-4000 
Time Electronics 
(512) 399-3051 

Carrollton 
Arrow Electronics 
(214) 380-6464 
Time Electronics 
(214) 241-7441 

Dallas 
Hamilton/Avnet 
(214) 404-9906 
Pioneer Standard 
(214) 386-7300 

Houston 
Arrow Electronics 
(713) 530-4700 
Pioneer Standard 
(713) 988-5555 

Richardson 
Anthem Electronics 
(214) 238-7100 
Zeus Components 
(214) 783-7010 

Stafford 
Hamilton/Avnet 
(713) 240-7733 


UTAH 

Midvale 
Bell Industries 
(801) 255-9611 

Salt Lake City 
Anthem Electronics 
(801) 973-8555 
Arrow Electronics 
(801) 973-6913 
Hamilton/Avnet 
(801) 972-4300 

West Valley 
Time Electronics 
(801) 973-8181 


WASHINGTON 
Bellevue 
Almac-Stroum Electronics 
(206) 643-9992 . 
Bothell i 
Anthem Electronics 
(206) 483-1700 
Kent 
Arrow Electronics 
(206) 575-4420 
Redmond 
Bell Industries 
(206) 885-9963 
Hamilton/Avnet 
(206) 881-6697 
Time Electronics 
(206) 882-1600 


WISCONSIN 
Brookfield 
Arrow Electronics 
(414) 792-0150 
Mequon 
Taylor Electric 
(414) 241-4321 
Waukesha 
Ball Industries 
(414) 547-8879 
Hamilton/Avnet 
(414) 784-4516 


CANADA 
WESTERN PROVINCES 
Burnaby 
Hamilton/Avnet 
(604) 437-6667 
Semad Electronics 
(604) 420-9889 
Calgary : 
Hamilton/Avnet 
(403) 250-9380 
Semad Electronics 
(403) 252-5664 
Zentronics ; 
(403) 272-1021 
Edmonton 
Zentronics 
(403) 468-9306 
Richmond 
Zentronics 
(604) 273-5575 
Saskatoon 
Zentronics 
(306) 955-2207 
Winnipeg 
Zentronics 
(204) 694-1957 


EASTERN PROVINCES 

Mississauga 
Hamilton/Avnet 
(416) 677-7432 
Time Electronics 
(416) 672-5300 
Zentronics 
(416) 564-9600 

Nepean 
Hamilton/Avnet 
(613) 226-1700 
Zentronics 
(613) 226-8840 ~ 

Ottawa 
Semad Electronics 
(613) 727-8325 

Pointe Claire 
Semad Electronics 
(514) 694-0860 

St. Laurent 
Hamilton/Avnet' 
(514) 335-1000 
Zentronics 
(514) 737-9700 ' 

Willowdale 
ElectroSonic Inc. 
(416) 494-1666 





SALES OFFICES 


ALABAMA 
Huntsville 
(205) 721-9367 


ARIZONA 
Tempe 
(602) 966-4563 


CALIFORNIA 

El Segundo 

(213) 643-7099 
Rocklin 

(916) 632-2750 
San Diego 

(619) 587-0666 
Santa Clara 

(408) 562-5900 
Tustin 

(714) 259-8880 
Woodland Hills 

(818) 888-2602 


COLORADO 
Boulder 
(303) 440-3400 
Colorado Springs 
(719) 578-3319 
Englewood 
(303) 790-8090 


) FLORIDA 
Boca Raton 
(407) 997-9891 
Orlando 
(407) 629-1720 
St. Petersburg 
(813) 577-5017 





GEORGIA 
Norcross 
(404) 441-2740 


ILLINOIS 
Schaumburg 
(708) 397-8777 


INDIANA 
Carmel 
(317) 843-7160 
Fort Wayne 
(219) 484-0722 


IOWA 
Cedar Rapids 
(319) 395-0090 


KANSAS 
Overland Park 
(913) 451-4402 


MARYLAND 
Hanover 
(301) 796-8900 


MASSACHUSETTS 
Burlington 
(617) 221-4500 


MICHIGAN 
Grand Rapids 
(616) 940-0588 
W. Bloomfield 
(313) 855-0166 


MINNESOTA 
Bloomington 
(612) 854-8200 


MISSOURI 
St. Louis 
(314) 569-9830 


NEW JERSEY 
Paramus 
(201) 599-0955 


NEW MEXICO 
Albuquerque 
(505) 884-5601 


NEW YORK 
Fairport 
(716) 223-7700 
Melville 
(516) 351-1000 
Wappinger Falls 
(914) 298-0680 


NORTH CAROLINA 
Raleigh 
(919) 832-0661 


OHIO 
Dayton 
(513) 435-6886 
Independence 
(216) 524-5577 


ONTARIO 
Mississauga 
(416) 678-2920 
Nepean 
(613) 596-0411 





OREGON 
Portland 
(503) 639-5442 


PENNSYLVANIA 
Horsham 
(215) 672-6767 


PUERTO RICO 
Rio Piedras 
(809) 758-9211 


QUEBEC 
Pointe Claire 
(514) 426-2992 


TEXAS 
Austin 
(512) 346-3990 
Houston 
(713) 771-3547 
Richardson 
(214) 234-3811 


UTAH 
Salt Lake City 
(801) 322-4747 


WASHINGTON 
Kirkland 
(206) 822-4004 


WISCONSIN 
Brookfield 
(414) 782-1818 
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National Semiconductor Corporation 


2900 Semiconductor Drive 
P.O. Box 58090 


Santa Clara, CA 95052-8090 


Tel: (408) 721-5000 
TWX: (910) 339-9240 


SALES OFFICES (Continued) 


INTERNATIONAL 
OFFICES 


Electronica NSC de Mexico SA 
Juventino Rosas No. 118-2 

Col Guadalupe Inn 

Mexico, 01020 D.F. Mexico 

Tel: 52-5-524-9402 


National Semicondutores 

Do Brasil Ltda. 

Av. Brig. Faria Lima, 1383 

6.0 Andor-Conj. 62 

01451 Sao Paulo, SP, Brasil 

Tel: (55/11) 212-5066 

Fax: (55/11) 211-1181 NSBR BR 


National Semiconductor GmbH 
Industriestrasse 10 

D-8080 Furstenfeldbruck 

West Germany 

Tel: (0-81-41) 103-0 

Telex: 527-649 

Fax: (08141) 103554 


National Semiconductor (UK) Ltd... 


The Maple, Kembrey Park 
Swindon, Wiltshire SN2 6UT 


~. United Kingdom 


Tel: (07-93) 61-41-41 

Telex: 444-674 

Fax: (07-93) 69-75-22 

National Semiconductor Benelux 
Vorstlaan 100 

B-1170 Brussels 

Belgium 

Tel: (02) 6-61-06-80 — 

Telex: 61007 

Fax: (02) 6-60-23-95 


National Semiconductor (UK) Ltd. 


Ringager 4A, 3 
DK-2605 Brondby 
Denmark 

Tel: (02) 43-32-11 
Telex: 15-179 
Fax: (02) 43-31-11 


41990 National Semiconductor 


National Semiconductor S.A. 
Centre d'Affaires-La Boursidiere 
Batiment Champagne, B.P. 90 
Route Nationale 186 

F-92357 Le Plessis Robinson 
France : 

Tel: (1) 40-94-88-88 

Telex: 631065 

Fax: (1) 40-94-88-11 


National Semiconductor (UK) Ltd. 


Unit 2A - 

Clonskeagh Square 
Clonskeagh Road 

Dublin 14 

Tel: (01) 69-55-89 

Telex: 91047 

Fax: (01) 69-55-89 
Nationa! Semiconductor S.p.A. 
Strada 7, Palazzo R/3 
|-20089 Rozzano 
Milanofiori 

Italy 

Tel: (02) 8242046/7/8/9 
Twx: 352647 

Fax: (02) 8254758 


National Semiconductor S.p.A. 
Via del Cararaggio, 107 

00147 Rome 

Italy 

Tel: (06) 5-13-48-80 

Fax: (06) 5-13-79-47 


National Semiconductor (UK) Ltd. 


Stasjonsvn 18 
Postboks 15 

N-1361 Billingstadsletta 
Norway 

Tel: 47-2-849362 

Fax: 47-2-848104 


National Semiconductor AB 
P.O. Box 1009 
Grosshandlarvaegen 7 

S-121 23 Johanneshov 
Sweden : 

Tel: 46-8-7228050 

Fax: 46-8-7229095 

Telex: 10731 NSC S 


TL2984 


National Semiconductor GmbH 
Calle Agustin de Foxa, 27 (9°D) 
28036 Madrid 

Spain 

Tel: (01) 733-2958 | 

Telex: 46133 

Fax: (01) 733-8018 


National Semiconductor 
Switzerland 

Alte Winterthurerstrasse 53 
Postfach 567 

Ch-8304 Wallisellen-Zurich 
Switzerland 

Tel: (01) 830-2727 

Telex: 828-444 

Fax: (01) 830-1900 


National Semiconductor 
Kauppakartanonkatu 7 A22 
SF-00930 Helsinki 
Finland 

Tel: (90) 33-80-33 

Telex: 126116 

Fax: (90) 33-81-30 
National Semiconductor 
Postbus 90 

1380 AB Weesp 

The Netherlands 

Tel: (0-29-40) 3-04-48 
Telex: 10-956 

Fax: (0-29-40) 3-04-30 
National Semiconductor Japan 
Ltd. 

Sanseido Bidg. 5F ~- 
4-15 Nishi Shinjuku 
Shinjuku-ku 

Tokyo 160 Japan 

Tel: 3-299-7001 

Fax: 3-289-7000 


National Semiconductor 

Hong Kong Ltd. 

Suite 513, 5th Floor, 

Chinachem Golden Plaza, 

77 Mody Road, Tsimshatsui East, 
Kowloon, Hong Kong 

Tel: 3-7231290 

Telex: 52996 NSSEA HX 

Fax: 3-3112536 


RRD-RRD95M70/Printed in U.S.A. 


National Semiconductor 
(Australia) PTY, Ltd. 

1st Floor, 441 St. Kilda Rd. 
Melbourne, 3004 

Victoria, Australia 

Tel: (03) 267-5000 

Fax: 61-3-2677458 


National Semiconductor (PTE), 
Ltd. 

200 Cantonment Road 13-01 
Southpoint 

Singapore 0208 

Tel: 2252226 

Telex: RS 33877 


National Semiconductor (Far East) 
Ltd. 

Taiwan Branch 

P.O. Box 68-332 Taipei 

7th Floor, Nan Shan Life Bidg. 

302 Min Chuan East Road, 

Taipei, Taiwan R.O.C. 

Tel: (86) 02-501-7227 

Telex: 22837 NSTW 

Cable: NSTW TAIPEI! 


National Semiconductor (Far East) 
Ltd. 

Korea Branch 

13th Floor, Dai Han Life Insurance 
63 Building, 

60, Yoido-dong, Youngdeungpo-ku, 
Seoul, Korea 150-763 

Tel: (02) 784-8051/3, 785-0696/8 
Telex: 24942 NSPKLO 

Fax: (02) 784-8054 


